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REVIEW OF TDl TOXICITY STUDIES 

1 INTRODUCTION 

Th is is a review of all ~he avai lable TDI toxicology studies taken 

from the International Isocyanate Institute data base (March 1993) . The 

con~ents are divided into sections each reporting on an area of 

toxicology. Within each area, reports of st~dies from industry sources 

and from the scientific literature are assessed. The design and results 

for each study are summarised in the Harmonised Electronic Data Set 

(HEOSET) format on the attached forms . An evaluation of each study is 

presented in the text of the review and a summary for each area of TDI 

toxicology is also described. 

The purpo;e of this comprehensive review is that a) it brings 

together al: the available toxicological information on TDI in its 

various form~ b) it gives easy acce~s to the most important informat ion 

on eesch st11dy where sufficient details are available c) it provides a 

summarised assessment for each area of TDI toxicology d) it indicates 

areas or toxicology where further information may be required e) it 

prov ides a basis for the overall toxicologicai evaluation of TOI, f) it 

provides background ~~t.a for risk assessments for TDI uses and g) it is 

in a format which can be updated easily and quickly. 
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TDI has been tested either in the mixed isomer form or as the 

individual 2,4- or 2,6-isomer~. It is important therefore, to note the 

test substanc used in the descriptiol. of each study . Comhh~rcially, TDI 

is usually produced and used as the 80:20, 2,4- :2 ,6- isomer ratio . This 

is tue isomer mixture tested in many of the toxicity stud ies. It is 

nominated as the prescrib~d test substance (tAS No . 26471-62-5) for 

the purposes of the HEDSET entry. It is a colourless pale yellow liqui d 

at room temperature and has a pungen~ odour. The physico-chemical data 

for t~e mixture are l isted in Section 2 of the HEDSET. 

The review covers a comparatively long time scale of testing, 

approximately 40 years, therefore, the quality of the stud ies is 

somewhat variable and attention will be drawn to the more rigorous t ests 

and reliable resu lts in the summaries for each area of toxicology. 
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2 ACUTE ORAL TOXICITY (Study Nos.Al-A4) 

2.1 Sulllllry 

The studies, reviewed below, consistently show that TOI, either as 

the 2,4 isomer or as an isomer mixture, has low acute oral toxicity in 

rodP.nts with LD50s in the range 4000-6000 mg/kg. 

2.2 Study Assessments 

The acute oral toxicity of TDI in various forms has been assessed 

in three rat and one mouse study. 

In $tudy Al 1 undiluted 2,4-TDI was given by stomach tube to rats 

at 6 dose levels and the acute oral L050 was estimated to be 5800 mg/kg. 

In Study A2, groups of male rats were dosed orally with TDI, as 

'mixed isomers•, at levels up to 10,000 mg/kg and then observed daily 

for up to 14 days. Clinical effects were apparent at 1000 mg/kg and 

were pronounced in all animals at 10,000 mg/kg. The acute oral LD50 was 

calculated to be 5840 mg/kg. 

In ~tudy A3, groups of rats were given doses of TDI (80:20 isomer 

~atio) up to 1~,700 mg/kg, followed by a !4-day observati on per iod. 

Clinical effects were noted dt the higher doses and acute oral LD50s 

were determired to be 5110 n~/kg in males and 4130 mg/kg in females. 

~tud( A4 was undertake~ to the same desirn as study A3, using mice 

as test animals with dose levels up to 10,000 mg!~~. No clinical signs 

were seen. The acute cra l LD~s were 4130 mg/kg in males and 5620 mg/kg 

in ferr.ales. 
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3 ACUTE INHALATION TOXICITY (Study Nos .Bl-812) 

3.1 Summary 

The reported acute inhalation testing of TDI covers a variety vf 

study designs. The results are summarised in Table 3.1. These show 

th~t the rat 1h-LC50 for the 80:20 isomer rat io is between 66 and 85ppm 

in 2 separate studies. There is also good comparison for the results 

for the 4h-LC50 in another two rat studies at 15.2 ppm and 13.9 ppm. 

Results in the other species studied are comparable though slight~y 

lower. 

The signs of acute toxicity include nasal irritation, laboured 

breathing, lachrymation, salivation and general discomfo1t. 

Pathological examination showed the lung and trachea to be target 

organs. Respiratory rate was decreased in the mouse. 

3.2 Study Assessments 

Several acute inhalation toxicity studies have been undertaken, 

mainly on the rat but also in other species. All forms of TDI have bee~ 

involved. 

The details for Study Bl are minimal; 600 ppm 2,4-TDI was stated 

to be lethal to rats and 60 ppm as non-lethal over'6h. 

Study B2 was a comprehensive assessment; groups of 4 male and 4 

female rats were exposed to concentrations of TO! (80:20 isomer ratio) 

from 17.4 to Z67 ppm for o .. e hour and then observed for 14 days. 

Cli~ical signs were seen in an exposure related manner at all levels. 

The acute one hour inhalation LC50 was estimated to be 66 ppm. 

Study B3 had a basic design, 10 male rats were exposed to a single 

concentration of 0.25 ppm TOI (unspecified form) for 8h, followed by a 

14-day observation period. Apart fro1n slight-moderate erythema during 

the exposure period there were no other effects. 
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Study 84 was set op as a preliminary dose range-finding study for 

TDI, specified as 'mixed isomers'. Groups of 6 rats were exposed to 

concer.crat1on~ from <1 to 13.5 ppm for 6h. Effects were noted at all 

exposure levels, slight at 1 ppm. Fifty per cent mortality occurred at 

the two higher levels of 4 and 13.5 ppm. 

Studies 85 & 86 were ca·rried out to similar designs in order t 0 

determine the 1h and 4h LC50s respectively. Groups of 20 male rats were 

used and were observed for 14 days following exposure to TDI aerosol. 

Exposure dependent marta 1 ity was obse··ved from 0.173 to 2. 58 mg/1 itre 

from the 1h exposure and from 0.057 to 0.72 mg/litre for the 4h 

exposure. The 1h-LC50 for TDI (80:20 isomer ratio) was determined to be 

0.61 mg/ litre (85 ppm) and the 4h-LC50 as 0.1lmg/litre (15.2 ppm). 

Studies B7-B1Q cover 4h aerosol exposures on 4 species, rat, 

mouse, guinea pig and rabbit respectively. Each study was undertak~n in 

2 parts. Firstly, an estimation of mortality over an exposure range of 

0.1-34 ppm TDI (unspecified form). Secondly, a pathology assessment of 

the respiratory tracts up to 28 days after exposure to 2,5 or 10 ppm 

TDI. In each species, cli~ical signs included lachrymat ion , salivation 

and general discomfort, proportional to exposure concentrat ion. The 4h­

LC50s were determined to be 13.9 ppm (rat), 9.7 ppm (mouse) , 12. 7 ppm 

(guinea pig) and 11 ppm (rabbit). In each species there was only a 

l imited effect in the lung at 2 ppm but 5 and 10 ppm produced severe 

effects in lung and trachea. 
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Two studies were undertaken to evaluate the acute effect on 

respiratory rate in the mouse. In Study 811, male mice ~e~e expc. ~d to 

2,6-TDI at concentrations of 0.05-1.1 ppm for 3h. Respiratory rate 

decreased in a concentration dependen+ manner over the exposure period. 

The RD50 (co~centration required to reduce respirat ory rate by 50%) w~s 

0.26 ppm. In Study S12, mice were exposed to 2,4-TDI for 4h in a study 

of a similar design. The RD50 was det~rmined to be 0.!99 ppm. 
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Table 3.1 

Acute Inhalation LC~ values 

Species Exposure TDI LCsc Study No. 
Period (h) Form (ppll') 

I 
Rat 1 ~ : 20 66 82 

Rat 1 80 : 20 85 85 

Rat 4 80 : 20 15.2 B6 

Rat 4 Unspeci ,· ied 13.9 87 

Mouse 4 Unspecified 9.7 88 

Guinea pig -1 Unspecified 12.7 89 

Rdbbit 4 Unspecified 11.0 810 

I 
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4 ACUTE DERMAL TOXICilY (Study Hos. Cl and C2) 

4.1 Summary 

Two studies indicate that TDI has very low acute dermdl toxicity 

in the rabbit. 

4.2 Study As~e;sments 

The acute t.~rmal toxicity of TDI has been evaluateu ~ n 2 studies 

on the rabbit. . ~tudy C1, dermal applications of 2,4- TDI up to 

16,000 mg/Kg failcG to produce organ damage or cause mortality, although 

there was severe local skin irr itation . ln Study C2, TOI (unspecified 

form) was a:>Plied to intact or abraded skin at doses up to 9. 4g/kg and 

observations undertaken over 14 days. Moderate - marked skin i rritation 

occurred but there was no indication of a systemic effect and no 

mortality. The acute dermal LD50 was therefore >9.4g/kg. 
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5 SKIN IRRITATlON (Study Nos. 01 and 02) 

5. 1 Su~~~ary 

On the basis of two rabbit stud ies, TDI would appear to be a 

moderate - marked skin irritant. 

5.2 Stu~y Assessments 

Skin irritation was assessed in two rabb'it studies. In Study 01, 

2,4-TDI was applied to intact or abraded skin and occluded for 24h. 

There was some variation in the results from individual rabbits but 

overall the reaction was of morl~rate irritation, the effects of which 

resolved within ~ weeks. In Study 02, TDI (unspecified form) was 

applied at doses up to 9.4g/kg and occluded for 24h. Skin irritation 

increased to a maximum after 5-10 days with marked erythema, oedema, 

atonia and coriaceousness. Recovery occurred within 14 days. 
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6 EYE IRRITATION (Study Nos El-E3) 

6.1 Su~ry 

The overall evaluation of TOI (either as 2,4- isomer or mixed 

isomers) i s that it is a moderate - severe eye irritant in the rabbit. 

6.2 Study AssessMPnts 

TOI has been assessed for eye irritation in the rabbit. In 

Studies El and E2, similar procedures were used with 0.1 ml TDI placed 

in one eye of each rabb it , the other eye was used as control. The eyes 

~ere observed at intervals for a period of several days. In both 

studies, moderate - severe conjunct ival irritation was seen within 24h. 

This persi sted for up to 10 days. The cornea and iris were also 

affected. In the third study, only minimal detai ls were gi~~n, (Study 

£11, but application of 2,4-TDI resulted in marked irritation of eyelids 

and mild damage to corneal epithelium. 
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7 SKIN SENSITISATION (Study Wos Fl-F12) 

7 .l Suaaary 

The skin sensitisation potential of TDI has been thoroughly tested 

in a variety of studies in 3 species. In all cases and with all forms 

of TDI, i.e. single or mixed isomers, a significant and usually strong 

sensitisation effect was shown. 

The 12 studies reported for skin sensitisation encompass guinea 

pig, mouse and rat testing to various protocols . 

7.2 Study Assess .. nts 

7. 2.1 Guinea pig studies 

Study F1: 2,4-TDI, dissolved inn-butyl ether, was applied at a 

range of concentrations to the dorsum and then chal lenged with lower 

concentrations of TDI on new sites 5 days later. Dose dependent skin 

sensit i sation was induced and a no-effect level was attained with 

induction of 4% TDI and challenge with 0.012% solution. 

Studies F2 and F3: were undertaken to the same protorol for 2, 4-

and 2,6- TDI. 0.1 ml of 1% TDI solution in dinonyl phtha late was applied 

daily to the outer ear for 3 day5 ~nd then challenged with 0.2 ml 

solution on the 7th day. Similar results were obtained for both isomers 

which were considered to be skin ~e n s itisers. 

In Study F4: 2,4- TOI was assessed by the Magnusson and Kligman 

procedure. It was admini stered by intradermal and dorsal application, 

and finally to the flanr with a 1 week rest period between each 

application. The skin was assessed 24 and 48h afterwards. The compound 

was shown to be a medium-strong skin sensitiser in this test. Cross 

sensitisation was shown with ~~DI. 
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Study FS: TDI (80:20 isomer ratio) was applied as a 10% solution 

in olive oil to the dorsal area and then challenged with a 0.1% solutior. 

7 days later on the f lank. Contact sensitivity at maximum severity was 

observed in most of the animals. 

7.2.2 Mouse stud;es 

Skin sensitisation was assessed in several mouse studies by the 

ear swelling test. In each case the study protornl was s imilar, with a 

TDI solution in an organic solvent applied to the animal's back, abdomen 

or tail and then challenged a few days later with the TDI solution 

applied to the ear. The ear swelling response was measured usually 24h 

or 48h later. 

Study F6: mice showed a significant response with 80 :20 isomer 

ratio TO I. 

In Study F7, with 2, A- TDI, a strong response was obtained by 

induction with 1-5% TOI and challenge with 1% TDI but with little 

response with challenge by 0.1% TDI. 

The response of hairy and nude mice was investigated in Stud~. 

A significant respon~e was obtaineti with 2,4-TDI in hairy mice but none 

in nud~ mice. It was suggested therefore, that thymus-derived T­

lymphocytes may have a role in contact sensitisation since nude mice do 

not have a thymus. 

In Study F9, the development. of the response with time was 

assessed over a 72h period using 2,4-TDI . The maximum effect was 

obtained after 24h with 100% increase in ear thickness. 
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A strong response was obtained in Study FlO when TDI was applied 

in Freund's adjuvant id followed by top ical application to the stomach. 

After 4 daily treatments a challenge was made 7 days later with an 

application to the ear. Ear thickness, as measured 24 and 48 hours 

later, increased 142% on average . 

Dose response relationships were investigated in Study Fll using 

sensiti3ing doses of 0.7 - 28 mg/kg TDI (80:20 isomer ratio}. The dose 

sensitising 50% of the mice was 5.3 mg/kg . Cross sensitisLtion wa~ 

shown by challenge with other isocydnates such as MDI an~ HOI. 

7.2.3 Rat study 

The use of the rat for the ear swelling t~st was assessed in Study 

Fl2. Induction was obtained by application of TDI (80:20 isomer ratio) 

in ethyl acetate to the back or tail a~d then a cha ll enge 7 days later 

by application ~o the ear. Ear swelling responses were obtained with 

all forms of induction and showed that the rat can be used as a 

mode 1. 
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R REPEATED DOSE TOXICITY (Study Nos G1-G35) 

8.1 Oral Studies (Study Nos.G1-G4) 

8.1.1 Su.ary 

The results of a 90 d~y g~vage study on rats showed effects at 

120 mg/kg/day and above as depressed body weight gain and adverse lung 

r.: sL'v.:ttho logy. Mi ce were much "less affected with only a sma 11 increase 

in ~Jr~a l ~ ty at these levels. No effect levels were established at 

3(' JP.f ,"kg/day in rats and 60 mg/kg/day in mice. 

8.1, , Study Assessments 

Gavage studies, over 14 or 90 days , were undertaken in rats or 

mice as a prelude to long term investigations with TDI (80:20 isomer 

ratio). 

The two 14-day studies (G1 and G2) were carried out at dose leve ls 

from 30-500 mg/kg .bwt/day with 5 males and 5 females per group. For 

both species, there was no effect on clinical condition and no dose 

related mortality. Bodyweight gain was depressed 1n mal e rats at 

120 mg/kg/day and above and in females at 500 .ng/kg/day. There were no 

compound related changes in tissues upon gross 0xamination of rats or 

mice. 

The 90-day studies (G3 and G4) were carried out at dose levels of 

15-240 mg/ky.bwt/day with 10 males, 10 females per group. Rats were 

more affected than mice. Bodyweight was depressed by about 10% in male 

rats at 120 and 240 mg/kg/day and there was also a small number of 

mortalities and clini ca l effects in males at these dose levels. Mild­

moderate mucoid bronc~opneumonia was seen in male rats at 240 mg /kg./day 

and in a sma ll number of females at this level. Less severe lesions 

occurred at lower incidence at 120 mg/kg/day. Apart from a low 

incidence of mortality at 120 and 240 mg/kg/day, mice were unaffected by 
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the administration of TOI. 

8.2 Inhalation Studies (Study Nos.G5-G35) 

8.2.1 Summary 

In surrmary, the various inhalation studies o~ TDI have defined its 

main toxicolog1cal characteristics in several animal species. The main 

effect is upon the respiratory tract with severe toxic s igns and 

increasing mortality at concentrations of about 1 ppm and above. 

Exposure concentrations of about 0.3-1 ppm produce a variety effects, 

mainly associated with the respiratory tract a~d some depression of 

bodyweight gain. Microscopic evidence of changes in respiratory tract 

tissues is seen at these levels. The more conventional 14-28 day rat 

studies indicate no-effect levels for these type of changes to be in the 

region of 0.1 -0.2 ppm. 

8.2.2 Study Assessments 

Repeated dose inhalation toxicity has been studied using a var iety 

of test protocols with a number of species. Rats, mice, hamsters, 

rabbits, guinea pigs and dogs have been investigated with exposure 

periods from a few days to a few months. 

8.2 .3 Rat studies 

In ~tud~, male rats were exposed to TDI (unspecified form) for 

30min/day, 5 days /week for 2 weeks at concentrations of 0.34, 2.1 or 7.4 

ppm. There was bodyweight gain depression and s igns nf ptyalism at 2.1 

and 7.4 ppm. A NOEL of 0.34 ppm was established in this study. 
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TDI (80:20 isomer ratio) was applied in aerosol form in Study G6, 

for 4h/day for 5 days at 0.041 or 0.137 mg/litre (19ppm). All rats 

showed signs of toxic effect with reduced respiration and eye and nose 

irritat ion. There was high mortality at 0.137 mg/litr·e. In Study G7, 

the rats were exposed to two concentrations of the TDI aerosol (0.2 and 

2 ppm} for 4h/day, 5 days/week for 4 weeks. Several e~~ects occurred at 

2 ppm including laboured breathing, depressed bodyweight gain and severe 

lung damage. There were no effects at 0.2ppm. 

Stu~~ was a very comprehensive investigation of TDI (80:20 

isomer ratio) ever a 3-week period. Rats were exposed to 0.24, 0.67 or 

2.83 ppm for 6h/day, 5 days/week. A variety of effects occurred at 2.83 

ppm and there were a few mortalities. Effects included decreased 

respiration rate, decreased urine volume, increased blood urea and red 

cell parameters, and histopatho 1ogical changes to respiratory tract 

organs. Similar but less severe histopathological changes occurred at 

0.67 ppm. Some effect was also seen at 0.24 ppm, but since atmospheric 

TOI levels were difficult to control at this level, the effects may have 

been due to high excursions of up to 0.6 ppm. 

Studies G9 and G10, assessed the effect of TOI (80:20 isomer 

ratio) on 2 strains of rat, Fischer 344 and Sprague-Dawley. Rats were 

exposed for 6h/day, foi~ 20-22 exposure days over a 30 day period at 

concentrations of 0.1 or 0.3 ppm. The comparison of the 2 strains was 

made difficult by a glandular infection in the Sprague-Dawley strain 

which complicated the interpretation of respiratory irritation seen in 

all animals includir,g controls. However, only the 0.3 ppm group was 

considered to be affected by TDI exposure. Bodyweight gain was 

significantly decreased at 0.3 ppm in the Fischer rats and to a lesser 

extent at 0.1 ppm. 
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In Studies Gl3 and 14, rats were exposed to 0.1 ·' .·"' Tl'l 

(unspecified form) for varying time periods over severa : ·~eks . After 

exposure for 6h/day, 1 day/week for 38 weeks all animal s showed 

pneumonitis to varying degree in the lungs. In a more intensive 

exposure regime of 6h/day, 5 days/week for a total of 58 exposures, 

rats were killed at successive times after the last exposure for an 

assessment of the development of airway lesions. Inflammation of the 

lungs was pronounced after 3 days, while after 20 days 5/6 rats showed 

purulent bronchiectasis with areas of bronchopneumonia and chronic 

tracheitis. It should be noted however , that control rats also showed 

findings similar to chronic murine pneumonia. 

Studies G18. G19, and G20, were concerned with the effect of a 

high concentration of TDI, about 10 ppm, over short exposure periods of 

2, 3 or 5 days. The two TDI isomers, either singly or as a 65:35 

mixture, were administered for 6h/day. High mortalities occurred within 

each time period and all rats had died within 5 days. Death was due to 

blockage of respiratory passages with separated mucosa from bronchi and 

trachea. 

Studies G21 and G22, were of a similar design to those just 

described, assessing the effect of lower concentrations of the 65:35 

isomer mixture. At 4.5 ppm, 13/20 rats died within 4 days. At 0.95 

ppm, 15/20 rats died within 12 days. Lungs from these animals showed 

severe peribronchitis and bronchopneumonia. 
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In more extended exposure re~1 imes the effect of the 65:35 isomer 

mixture was assessed at lower concentrations over longer periods. In 

Study G23, the concentrat ion was 0.48ppm and exposure for 6h/day, 

6 days/ week for 2 weeks, repeated after a 4-week break. Two groups were 

exposed, one of rats of initial bodyweight 90-124g and the other of 

bodyweight 140-184g. The younger animals were much more affected with 

9/20 dying duri 11g the first 2-week exposure period . There were no 

mor tal ities in the older group. The lungs showed peribronchitis and 

bronchopneumonia after the exposure periods, the changes reversing to 

normal findings 8 weeks after the last exposure. In Study G24, the two 

exposure periods lasted for 4 weeks each and the TDI concentration was 

0.11 ppm. No deaths occurred and, except for a small decrease in 

bodyweight, there were no other effects due to exposure . 

In two bri , J reported Studies G27 and G28 , rats w~re exposed to 

2,4-TDI at concentrations between 1 and 2ppm for varying time periods of 

10-79 days (6h/day). No observable effects were reported but there was 

microscopic evidence of bronchitis in the lungs . 

8.2.4 Other species 

In Study G11 , mice were exposed to TDI (80:20 isomer ratio) at 0.1 

or 0.3 ppm for 6h/day for 20-22 exposure days over a 30 day period. 

There were no effects on clinical condition, bodyweight, naematology, 

b load biochemistry, organ weight or· g·.-oss pathology. 

Mice were exposed to 0.4 ppm TDI (unspecified form) in Study G34. 

Exposure was for 6h/day for 5 days, fo llowed by a 3-day recovery period . 

Lesions of the upper respiratory tract were produced, including 

inflammation, ulceration and squamous metaplasia. Only partial recovery 

occurred within 3 days. Ther( was no effect on lungs or trachea . 
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In ~tudy G35, mice were exposed to a number of concentrations of 

2,4-TDI for evaluation of respiratory rate effects. Exposures for 

3h/day for 5 days at and above 0.023 ppm produced a cuMulative 

in respiratory rate. A concentration of 0.018 ppm was without effect. 

Two se~arat~ groups, exposed to 0.031 or 0.25 ppm were assessed for 

changes in the nasal area . The higher le~el produced mi croscopic 

changes in the nasal mucosa and epithelium, while no effect was seen 

0.031 ppm. 

In ~tudy G~7. Guinea pigs were exposed to TDI (unspecified form) 

for 6h/day, 5 days/week for 58 exposures over 78 days at a concentratio 

of 0.1 ppm. During the first 30-90 min of each exposure all animals 

showed general discomfort and hyperactivity which decreased before 

exposure ended; 4/9 animals died during the study . Microscopic 

examination of the lungs showed inflammation, varying from slight 

diffuse to prominent pneumonitis. 

In Studies G25 and G26 guinea pigs were exposed to 0.49 ppm TDI 

(65:35 isomer ratio) for 6h/day, 5 days/week for 2 weeks, repeated 

a 4-week break or to 0.11 ppm for 6h/day, 5 days/week for 4 weeks, 

repeated after a 4-week interval. At the higher exposure level 2/5 

animals died within 11 days of the 1st exposure period. At 0.11 ppm 

there were no deaths; bodyweight was depressed at both exposure periods. 

In a brief ly reported Study G30, guinea pigs were exposed to 2,4-

TDI at 1.5 ppm for 6h/day for periods of 23-78 days. All animals showed 

bronchitis and varying degrees of bronchial pneumonia. 
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Detailed investigations of the respiratory tract were undertaken 

in guinea pigs exposed to 2,4-TDI in Studies G32 and ~33 . In the 

shorter exposure study, animals were exposed for 4h/day for 5 days to 

3.1 ppm TDI and then killed at varying times after the last exposure. 

There was marked damaged •o the airways epithelium during the 1st week 

after exposure with almost compete recovery by 3 weeks . In the longer 

study over 14 days at 0.03 or 0.26 ppm there was a pattern of infolding 

of the surface of the epithelium, more apparent than in controls, at 

both levels. No inflammation was apparent. 

In Study G12, hamsters were exposed to TDI (d0:20 isomer ratio) at 

0.1 and 0.3 ppm for 6h/day for 20-22 exposure days for a 30 days per ~ od. 

There were no mortalities or effects on clinical condition, bodyweight, 

haematology, blood biochemistry or organ weights. Microscopic changes 

were detected in animals at 0. 3 ppm with an increased inci dence of focal 

hyperplasia of the respi ratory ep i thelium of the nasal turbinates. 

Rabbits were exposed to 0.1 ppm TDI (unspecified forr ) for 

extended time periods in Studies Gl5 and 16. After 6h exposures, 

1 day/week, for 38 weeks the animal s showed spastic-like breat hing 

and limb movement. During each daily exposure, they showed 

general discomfort and hyperactivity which decreased with time. 

Tissues were examined after 58 exposures in the other study at 

6h/day, 5 days/week. Three days after the last exposure, lungs 

showed areas of bronchopneumonia. After 10 days there was extensive 

inflammatory involvement and, after 20 days, chroni c bronchitis was the 

only major abnormality . 
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In briefly reported Studies G29 ar.d G31, rabbits or dogs were 

exposed to 1.5 ppm 2,4-TDI for various time periods. Two rabbits died 

after 5x6h exposures and the rem~ining 3 were killed after 19, 

exposures. All showed bronchit is. The dogs showed signs of 

lachrymation, coughing and restlessness dur·ing exposure. At 

there was mil d congestion and inflammation of the trachea and large 

bronchi. 

8.2 . 5 Discussion on repeated dose inhalation toxicity 

It is difficult to adequately summarise the numerous studies on 

repeated exposure inhalation toxicity because of the variation in 

protocols, reporting standards and study objectives. unly 4 of the 

studies, for example, conform to standard type 14-28 day test protocols 

(G7-G10). No 90-day studies have been reported. Unfortunately even 

with the more standardised studies some event has complicated the 

interpretation of results. In Study G8, the concentration at the 

exposure level was V3riable and a no effect level could not be 

established over the 21-day period. Glandular infection compromised 

evaluation of ~ffects in Sprague-Dawley rat5 ;n Study G10. 

Some of the rat studies were also pr·obably affected by secondary 

iufectiou of the respi ratory tract. This comp li cat io!l may have 

exaggerated the findings in Studies G13 and G14 and G18-G24. 
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Despite the difficultiP.s described above some attempt can be made 

to compare the findings of the different studies to discern th~ toxic 

action of TOI at var~ing exposure concentrations and time periods. 

Taking the more standard rat studies Gi-G10 as the ba~i~ for evaluation 

it i~ seen that an exposure level of 2,8 ppm over 21 days causes some 

mortality and a variety of effects associated with the re~p iratory tract 

(Study G8). These include laboured breathing, decreased respiration 

rate, increased airway resistance and histopathological changes in the 

nasal passages, 1arynx, trachea and lung. A similar outcome was 

obt~ined fot 2 ppm over 28 days (Study G7). Similar, but less effect 

was obtained at 0.67 ppm (no mort a1 i ty) over 21 days (Study G8). At an 

exposure level of 0.3 ppm over 30 days the most co~~istent effect on two 

strains of rat was reduced bodyweight gain (Studies G9 dnd GlO) . No 

effects were seen at 0.2 ppm in Study G7 and vP.ry minor bodyweight gdin 

depression at 0.1 ppm in Study G9. The overall no effect level for 

repeated inhal~tion exposure in the rat would therefore appear to be in 

the re~ion of 0.1-0.2 ppm. 

The outcome of the rat studies is summarised in table 8.1 and 

show~ a reaso~able gradation of effect with exposure period and 

concentrat ion a~ ;ndicated with the standard studies just descr~~cu. 
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Some workers compared the effects of TDI on rat and other 

and the reports of these studies provide insights into any possible 

species differences. Thus the rat, mouse and hamster were exposed to 

TDI at 0.1 and 0.3 ppm over 30 days in studies G9-G12. These 

evaluations showed the mouse to be somewhat less affected than rat or 

hamster, i.e.no effect on mouse at 0.3 ppm. In another series of 

comparative studies at 0.1 ppm (Study Nos.G13-G17) similar effects 

occurred in rats, rabbits and guinea pigs. Comparatively similar 

responses were also obtained for rats and guinea pigs at 0.11 and 0.49 

ppm in stud ies G23-G26. On the evidence of these studies there appears 

to be little difference between common laboratory species in their 

reaction to the rep~ated exposure to TDI. It should be noted however, 

that in a study assessing the effer.t on respiratory rate, effects were 

seen at levels as low as 0.023 ppm in the mouse (Study G35). 
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Table 8.1 Toxic effect of TDI in the rat by repeated inhalation exposure. 

TOI Form Atmospheric Exposure Main Study 
Concentration period Effect No. 

(ppm) (day 'J ) 

80 : 20 19 5 lethal G6 

2,4- or 2,6- 10 2-5 lethal G18-G20 
or 

65 : 35 

80 : 20 5.7 5 low mortality G6 
respirato·ry 
tract irritation 

65 . 35 4.5 4 high mortality G21 . 
80 : 20 2.8 21 1 ow mcrta 1 ity G8 

respiratory tract 
effects 

80 . 20 2 28 low mortality G7 . 
respiratory tract 
effects 

65 : 35 0.95 12 high morta1ity G22 

80 : 20 0.67 21 respiratory tract \.8 
effects 

·~ 
80 : 20 0.3 30 reduced oOd.) .. weight G9 

• ' oJ ga1n , ·: 

80 : 20 0.2 28 no effect, G7 

65 : 35 0.11 2x28 reduced bodyweight G24 
gain 

80 . 20 0.1 30 slight ly reduced G9 . 
bodyweight gain 

80 : 20 0.1 30 no effect GlO 
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9 GENETIC TOXICITY IN VITRO (Study Nos Hl-H20) 

9.1 Su..ary 

A wide variety of results was obtained with the range of i t vitro 

assays on TDI. The most consi stent result was with the bacterial 

mutation assay using tester strains TA 98 & TA 100 in the presence of 

metabolic activation. These showed positive results for all forms of 

TDI in several tests. Negat ive results were obtained in the 

S9 and, usually, other strains such as TA 1535 & TA 1537 did not respo 

either in the presence or absence of S9. The results of cytogenetic 

and SCE tests were inconsistent; negative or ambiguous results 

outweighing two positive results in the absence of metabolic 

Mammalian cell transformation assays were negative. 

In assessing the results of these studies, a complicating factor 

of solvent interaction must be taken into account. DMSO was the 

solvent for most of the above studies and it has been shown that 

hydrolyses in this solvent in the presence of moisture to give 

significant quantities of other products . There is, therefore, some 

doubt if t~e results of the in vitro tests reflect the action of 

of its hyd~olysis products (Gahlmann et al 1993). 

T~us, although it could be concluded that TDI is a bacterial 

mutagen on the evidence of Ames tests, a ,· ;nal assessment has to be 

deferred until the question of the influence of TDI solvent interaction 

products is clarif ied . 
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9.2 Study Assessments 

9.2.1 Bacterial Mutation Assays (Study Nos Hl-HlO) 

Ames tests, with all forms of TOI, have produced a variety of 

results with the different Salmonella t ester strains. 

Two inve~tigations with 2, 4-TDI, Study Nos Hl and HlO , gave 

negative results for all tester strains; however, experimental details 

are minima l so it is difficult to j udge the reliability of the test 

procedures. 

In a series of tests {Studies H2-H7), 2,4-, 2,6- or the 80:20 

isomer mixture of TDI were each incubated with TA97, TA98, TA lOO and 

TA1535 tester st rains, with or without S9. For each form of TDI, 

positive results were obtained with TA98 and TAlOO in the presence of 

S9. Positive results for these two tester strains in the presence ot S9 

were also obtained in Study H9 for the 80:20 isomer mi xture . 

9.2.2 Chromosomal Assays (Study Nos. Hll-H18) 

The assays compri sed cytogeneti c and sister chromatic exchange 

tests in a variety of test systems. 

In Studies Hll and Hl2, the tests were carried out with male human 

whole blood lymphocyte culture , with and without S9. Slight, non-dose 

related increases in chromosome aberrations were obtained in the 

cytogenetic dssay but the SCE test was negative. 

In a series of studies (Nos. Hl3-H18), the different forms of TDI 

(2, 4- , 2,6- or the 80:20 isomer mixture) were each incubated with 

Chinese hamster ovary r.ells. The results were not consistent, with 

2,4-TOI and the 80:20 mi xture negative in the cytogeneti c assay while 

2,6-TDI was pc~itive in the absence of S9 . In the SCE assays , 2,4- & 

2,6-TDI gave ambi guous findings wh ile the 80:20 mi xture was pos itive in 

the absence of S9. 
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9.2.3 Cell Transformation Assays 

Studies H19 &_H20 were concerned with mammalian cell 

transformation tests using either Syrian hamster kidnt y BHK-21 Cl3 cell 

or human lung Wl-38 cell cultures. In both cases, 2,4-TDI was negat i 

in the presence or absence of S9. 

Reference: 

Gahlmann R, Herbold B, Ruckes A, & See l K, Untersuchungen 

aromatischer diisocyanate in dimethyl sulfoxide {DMSO): 

Toluylendiisocyanate {TDI ) und diphenylmethandiisocyanatP. 

Test, Zbl Arbeitsmed 43: 34-38. 
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10 GENETIC TOXICITY IN VIVO (Study Nos J1 - J5) 

10.1 SuiiiM.ry 

Tests using exposure of TDI by inhalation indicate that the 

compound is unlikely to be mutagenic in the intact mammalian system. 

10.2 Study Assessments 

Micronucleus assays and an unscheduled DNA synthesis test have 

been undertaken on the 80:20 isomer mi xture. 

Study J1 was a preliminary test at high exposure levels . Male 

and female mice were exposed to concentrations of 7.5 - 18.9 ppm TDI for 

6h and bone marrows sampled 24, 48 & 72h afterwards. Small, 

statistically signi fi cation increases in naicronucleated polychromatic 

erythrocytes(MPE} were obtained. This was assessed further in Study J2 

at lower exposure levels of 3.7 -7.5 ppm. Small, statistically 

significant increases in MPE were seen in females only, but these 

results were within control range and not considered to be biologically 

significant. 

Mutagenic activity was evaluated in micronucleus assays in the 

mouse and rat after inhalation exposure to TDI over a pe1·iod of 4 weeks 

in St~dies J3 & J4. The animals were exposed to concentrations of 0.05 

and 0.15 ppm. There were no treatment related increases in the number 

of MPE from bone marrow preparation from the mice. In rats, a small 

but sign ificant increase in MPE occurred only at the lower exposure 

level and was therefore not considered to be biologically significant . 

In the UDS assay, Study J5, rats were exposed, by inhalation, to 

0.077, 0.4 or 1.49 ppm TDI for 4h. The compound did not induce 

unscheduled DNA synthesis in lung or hepatocytes at any of the exposure 

levels . 
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11 CARCINOGENICITY (Study Nos . K1 - K4) 

The carcinogenic potential of TDI (80:20 isomer r~tio) has been 

evaluated in long term, Jra1 and inhalation studies in rats and mice. 

11 .1 Oral Studies (Study No.s K1 ~ K2) 

11 .1.2 Summary 

Two oral studies in rats and mice at high dose level s showed a 

greatly increased mortality which indicated that the doses wer·e far too 

high for an appropriate chronic toxicity and carcinogenicity evaluation 

The r1ts also showed a very high incidence of acute bronchopneumonia, 

further indicating the extremely high level of toxicity throughout the 

studies. Analysis of the TDI dosing solutions showed that the 

concentration of the test substance was significantly below the target 

values, up to 23% below in some cases , due to interaction between TDI 

and the corn oil producing other products. There must therefore be 

some doubt whether TDI alone was responsible for the increased tumour 

incidences recorded in treated animals. Because of these complicating 

factors and possible deficiencies in study execution 

(Ader et al 1987) , it is difficult to assess the relevance of t hese two 

studies as evaluations of TDI carcinogenicity. 

Reference: Ader A W, Carney I F & Loeser E. Risk evaluation of 

chronic exposure to TDI based on long-term animal studies . Proc. 

SPI/FSK Polyurethanes World Congress 1987, 188-192. 

11.1 .3 Study Assessments 

TDI, dissolved in corn oil, was administered by gavage in long 

term rat and mouse studies undertaken in the National Toxico1ogy 

(NTP) of the US Department of Health & Human Serv ices. 
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In the rat study (Study K1), groups of 50 males, 50 females were 

given nominal doses of TDI of 30 and 60 mg/kg in males and 60 and 120 

mg/kg in females. Dosing was 5 day/week for 106 weeks. Analysis 

showed that target doses were not attained because of interaction of TDI 

with water in the corn oil. Although no clinical signs were seen, 

there was a dose-related depression in bodyweight gain, greater than 

10%, in all groups. Mortality was much greater in treated groups than 

in contro l s, e.g. 14/50, 32/50, 40/50 in male groups at 104 weeks. 

Acute bronchopneumonia was also found at increased incidence in dosed 

males and fema les, and was 50% in females at 120 mg/kg compared with 2% 

in contro ls . 

Tumour incidence had to be adjusted in treated g1·oups, compared to 

controls , because of high mortality. Statistical analyses, taking 

account of this, showed increases for subcutaneous tissue and pancreatic 

cell tumours in treated males and femaie s and for mammary gland and 

liver adenomas in treated females . About 50% of these tumours were 

found in rats at terminat1on, the remainder in animals dying between 

weeks 77 and 108. 
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In the mouse study (Study K2), undertaken to a similar protocol, 

the dose levels were 120 or 240 mg/kg in males and 60 or 120 mg/ kg in 

females (nominal values). There were no clinical signs of toxicity 

females showed a slight depression of bodyweight gain at the top dose 

only. Males showed a dose related depression of bodyweight gain in 

treated groups. Again, as for the rat study, there was an increased 

mortality in treated groups, particularly in males, compared to 

controls. Male treated groups also showed a very high incidence of 

kidney cytomegaly. After adjusting for di fferent ial mortality between 

groups and using appropriate statistical analysi~, increased tumour 

incidence due to treatment was considered to occur in female mice with 

hepatocellular adenomas at the top dose of 120 mg/kg. A slight 

increase in ci rculatory system tumours was also indicated at this dose. 

11.2 Inhalation studies (Study Nos. K3 and K4) 

11.2.1 Summary 

The two inhalation studies in rats and mice showed a variety of 

effects, particularly at the top exposure level , which incltided reduced 

bodyweight gai n a~d microscopic changes in the nasal cavity and, in 

mice, in the lower respiratory tract . In each case, however, there was 

no indication of a carc inogeni c effect. 

11.2 .2 Study Assessments 

Groups of male and female rats and mice were exposed to 

atmospheric concentrations of 0.05 or 0.15 ppm TDI over a 2 year period. 
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In Study K3, there were no treatment related effects on mortality 

or for t ox ic signs in rats. Bodyweight gain was reduced in both sexes 

at the top exposure level and there was an . increased incidence of 

rhinitis in the nasal cavity at both exposure levels in females and in 

the top level males. There was no evidence for any treatment related 

increase in tumour incidences. 

A similar profile of results was obtained for mice in Study K4. 

Mortality was somewhat increased in TOI exposed female mice and there 

were increased signs of swollen abdomens and opaque watery eyes, which 

may have been treatment related, from week 65 onwards. eodyweight gain 

was reduced in both sexes at the top exposure level. Microscopic 

examination showed increased incidence and severity of chronic rhinitis 

with exposure level and also an effect 1n the lower respiratory tract of 

interstitial pneumonitis, catarrhal bronchitis and bronchiolitis. 

However, there was no evidence for any treatment related increase in 

tumour inci dence. 

11.3 Overall evaluation of carcinogenicity of TOI 

The evaluation by 2 routes of administration has shown different 

results by the ot·al gavage or inhalation procedures in both rats and 

mice. Although the oral studies evaluation is complicated by very high 

dose and procedural difficulties, it is apparent that some carcinogenic 

activity results from this route of administration. In contrast, the 

inhalation study route shows no indication of carcinogenic activity. 

s:\Docs\LITCHP.wp5 Page 33 



Apart f~om the obvious difference in TDI loading in the two sets 

of studies, differences in metabolism of TDI via the two routes may al 

be a reason for the differing outcome. As shown in Section 13 on 

Pharmacokinetics and metabolism, 2,4-TDI gives rise t~ ~ignificant 

quantities of 2,4 diaminotoluene (2,4-TDA) following oral dosing, due 

hydrolysis. TDA has been shown to give rise to hepatocellular tumours 

in rats and mice in long term oral studies and also mammary gland 

adenomas in female rats and subcutaneous fibromas in males. That is, 

similar spectrum of tumours as produced in the TDI oral studies. 

Fo11owing inhalation exposure to 14 C-TDI, the excretion and 

distribution of radiolabelled products are different from those of oral 

dosing. The proportion of free or acetylated TDA is much lower after 

inhalation. Other studies have shown that the proportion of products 

conjugated with high molecular weight protein is much greater after 

inhalation exposure than with oral dosing. This indicates less 

availability for TDI to form TDA after inhalation. 

The above information emphasises and supports the lack of 

carci nogenic action shown by TDI after inhalation exposure to rat~ and 

mice. It should also be noted that TOI is not mutagenic in ra~ · or 

mice, in vivo, following inhalation administration (Study ~o.s Jl-J5). 

For the purpcses of risk evaluation in humans, t~e results of the long 

term inhalation studies yive the most relevant information on which to 

base cJrcinogenic as~e~sments. 
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12 REPRODUCTIVE AND DEVElOPMENTAl TOXICITY (Study Nos. l1 & l2) 

12.1 Summary 

TDI has been tested for reproductive toxicity in a 2-generation 

rat study at exposure levels up to 0.3 ppm and in a developmental 

toxicity - teratogenicity rat study at levels up to 0.5 ppm. Although 

adult toxicity was established at the highest exposure levels in both 
• studies there was no indication that TOI caused reproductive, 

developmental or teratogenic effects at the leve ls tested. 

12. 2 Study Assessments 

TOI (80:20 isomer ratio) has been the subject of a two-generation 

rat reproduction study and a rat ~~velopmental toxicity -

teratogenicity assessment. 

12.2. 1 Two-generation rat study (Study No . l1) 

The reproduction toxicity potential of TDI in the rat was assessed 

in a standard· 2-generation study with inhalation exposure. Groups of 
~ 

males and females were exposed to 0, 0.02, o.oq or 0.30 ppm TOI for a 10 

week pre-mating period and during mating. Parents for the second 

generation were selected from the l itters at day 21 and exposed 

simila~ly for pre-mating and subsequent periods. 

Toxic effects were shown for parents of both generations at 0.3 

ppm, primarily as microscopic cranges in the nasal region. Rhinitis 

occurred at increased incidence in males and females also at 0.08 ppm i~ 

the Fl generation and males were affected at 0.02 ppm. Pup bodyweight 

was reduced up to day 21 day in the second generation at 0.08 and 0.3 

ppm. There were no effects however on the range of reproductive 

indices examined in both generations. 
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12.2.2 Develo~ental toxicity - teratogenicity (Study No. l2) 

Pregnant rats were exposed to TOI vapour over days 6-15 of 

gestation. The exposure leve~s were 0, 0.02, 0.10 and 0.50 ppm TOI. 

Toxic effects occurred in the dams at 0.5 ppr . ~ respiratory noise and 

reduced bodyweight gain. There was no effect, however, on pret .lncy 

rate, number of corpora lutea, viable implants, or li ve foetuses, nor . 
was there any ind ication of increased i ~cidence of external, visceral 

skeletal malformations in the offspring. An increased incidence of 

poorly ossified cervical centrum 5 at 0.5 ppm indicated minimal 

foetotoxicity . The NOEL for maternal and foetotoxicity was therefore 

0. 1 ppm, but TOI was not teratogenic at the exposure levels up to and 

including 0.5 ppm. 
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13 PHARMACCKINETICS AND WETABOLISM (Study Nos. M1-M13) 

13 .1 St•"'11Nlry 

lhe main features of the uptake, excretion and distribution of 

TOI, in its various forms, have been characterised in several studies. 

Absorption is low after g~vage dosing with the majority of the dose 

excretfd in the faeces within a few days. Faecal excretion was also 

high after inhalation exposure. Tissue retention was genera lly low, 

although a higher percentage of the dose was present after inhalat ion 

than after oral administration. After inha l atio~. the highest tissue 

concentrations were i:: the respiratory tract; eliminat ion was biphasic 

with a slow second phase. The majority of blood radioactiv ity appeared 

to be in the plasma after 14C-TOI administration, much of this 

associated with a protein conjugate >70k Oa. 

Metabolic investigat1on showed t hat acid-l abile conjugates were 

present in urine after both oral or inhalation exposure, although the 

rroportion was significantly greater from the latter . A~so, free TDA 

was present after oral, but not after inhalation administration. In 

the case of 2,6-TOI , a m ... jor urinary metabolite was 2,6-bis 

(acetylami no) toluene at low doses. This could have been formed after 

acetylation of the absorbed hydrolysis products of 2,€-TDI. 

13 .2 Study Assessments 

Several studies have been undertaken investigating the fate of TDI 

in rats and guinea pigs by oral or inhalation routes of ad1ninistrat ion. 
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,S!udy Nos. Ml & ~1~ were the earliest investigations to examine 

uptake, di stribution and excretion of TDI (mixed Isomers 84:16) . In 

the preliminary study (Ml), 14C-TDI was injected i.m. into rats and 

: · n~d sampled at regular intervals thereafter. Ur ine, faece~ and 

ex~ . red C02 were al so co llected and all samples measured for 

radioactivity. Blood acti vi ty peaked within 24 h; the T~ for 

diffusion from the muscle was about 30 min. Fifty three per cent of 

the dose was exc~eted in urine after 360 h tcgether with 39% in faeces. 

In the following inhaldtion st~dy (M2), elimination of "c from blood 

wds biphasic. It was shown that 90% of radioactivity in the plasma 

associated with proteins. Eighty six per cent of the dose was 

eliminated in 5 days with faecal excretion greater than urinary 

excretion. Further detailed information could not be ascertained 

a full report on the study is not available. 

Study Nos. M3 & M4 examined the fate of 14C-TDI (80:~0 isomer 

ratio) after ~ingle oral or inhalation exposure to rats. After a 

gavage dose (6 or 60 mg/kg), radioactivity appeared in blood within 30 

min, peaked at 1-2 h, t hen decreased slowly. Most of the act iv ity, 

equi valent to 76-81% of the dose was excreted in faeces, main ly within 

6-48h. 23% was excreted in urine (low dose) and 16% at the high dose . 

After a 4 h exposure at 0. 6 or 2 ppm TDI, radioactivity was present in 

blood, equivalent to 4% of dose at the higher exposure leve l and 2% at 

the lower level. Faecal excretion, over 96 h, at 53- 54% was again 

higher than urinary excretion (24% for low exposure, 20% for high). 

Tissue ac t ivity was low after either oral or inhalation admin istration . 

In both cases , the metabo lic profile in ur ine and faeces was complex and 

no attempt was made to identify individual components. 
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Further comparisons between the outcome of gavage dosing at 60 

mt/kg and 4 h inhalation exposure at 2 ppm TOI were examined in Study 

M9. Blood was sampled 2 h afte1~ the gavage dose or immediately after 

exposure, and the plasma separated and examined by molecular sieve 

fractionation and gel electrophoresis. The majority of the 

radioactivity in the plasma, in each case, was in a conjugated form. 

The predominant conjugate after inhalation had a relative molecular 

weight of 70k DA. Less was found after oral dosing when more low 

molecular weight conjugates were present. 

The uptake and distribution of 2,4-TDI was investigated in guinea 

pigs in Study MlO. The animals were exposed to a range of 14C-TDI 

vapour concentrations for periods of 1-5 h. During exposure, the rate 

of uptake into the blood was linear for air concentrations ranging 

0.00005 - 0.146 ppm TDI. The uptake continued to increase for about 

24h post-exposure followed by a slow decline. Tissues showing the 

highest 1evels of activity were the trachea and lungs, with residual 

activity persisting for up to 2 weeks. 

A similar investigation was conducted in rats in Study Mll 

results compared with those from guinea pigs in study MlO above. The 

rats were exposed to 14C-TDI at air concentr ations of 0.026-0.82 ppm for 

4h, and blood and a range of tissues collected innnediately after 

exposure. Plasma was separated from blood for molecular sieve 

fractionation and gel electrophoresis. The uptake of 14C into the 

bloodstream was similar to that for guinea pigs and, in both species, 

the majority of the activity was in the plasma. The predominant fo .·m 

of radioactivity in plasma, in both species, was associated with 

conjugated protein >70k Oa. The distribution of activity was similar 

in the tissues of both species with the highest levels in t he airways. 
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In two brief reports, M12 and Ml3 , inhalation exposure of guinea 

pigs to 1 ppm TDI for 3h/day for 5 days and subsequent reac:ion after 

challenge with 0.1 ppm 14C-TDI was described. Radioactivity appeared 

in the bloodstream of -ensitised animals 5 times faster than in 

challenged controls. The activity was mainly in the plasma and 

associated with the 77k D~ protein in TDI exposed animals. 

Autoradiography showed that the 14C- label penetrated as far as the 

terminal bronchioles. 

13.3 Discussion 

Differences between the metabolism of 2,4-TDI by the oral and 

inhalation routes may help explain differences in toxicity, particular ly 

carcinogenicity (see section 11). In particular, the presence of free 

TDA after oral dosing of TDI to rats is of interest. 2,4-TDA has been 

shown to be a carci nogen ir. rodents, producing a range of tumours 

similar to those found after long term oral administration of TDI. 

Other differences, such as the greater proportion of acid labile urinary 

conjugates after TDI inhalation and greater amount of plasma high 

molecular weight protein conjugate, mdy also help to explain the 

differences in toxic action between t he two routes. 

The rate of uptake of 14C-TDI into the blood during inhalation 

exposure, the preponderance of activity in the plasma, the association 

of this activity with a high molecular weight protein and the 14C­

tissue distribution, was the same in rats and guinea pigs. 
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14 IMMUNOTOXICITY (Study Nos. Nl - N6) 

14.1 Su~ry 

Several attempts have been made to develop an animal model for 

studying the induction of pulmonary hypersensitivity to airborne TDI. 

Although some success has been obtained, following topical or inhalati 

administration, the results are not always reproducible and may depend 

upon the nature of the hapten- protein conjugate used for antibody as 

or bronchial provocation . 

14 .2 Study Assessments 

These studies were concerned with identifying t he pulmonary 

hypersensitivity characteristics of TDI (as seen in humans) in animal 

models. 

In Study Nl, female guinea pigs were exposed to TDI (80 :20 isomer 

rat io) vapour (0.25 ppm) 3h/day for 5 days . Respiratory rate decreased 

during exposures and TDI-specific antibodies were found in 6/16 animals. 

When animals were re-exposed to 0.02 ppm TDI for 30 min there was on ly 

a small decrease in respiratory rate, indicating that this regime did 

not elicit pulmonary hypersensitivity. 

The topical route was used ~or the sensitising step in Study N2. 

Guinea pigs were giv~n various dermal doses of TDl and were challenged 2 

weeks later by exposure to 0.005 ppm TDI. A small proportion of the 

animals (25%) responded with increases in respiratory rate, indicating 

that skin contact can elicit pulmonary hypersensitivity. 
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In another evaluation, Study N3, groups of guinea pigs were 

exposed to TDI vapour for 3h/day for 5 days at concentrations of 0.12-10 

ppm. On day 22, no TDI-antibodies were detected in serum of animals 

exposed to 0.12 ppm TDI but increasing titres were found at 

concentrations up to 0.93 ppm TO Bronchial provocation with antigen 

conjugates showed pulmonary hypersensitivity at 0.36-0.93 ppm TDI but 

not at higher conce~trations. Exposure of a!lother group of guinea pigs 

to 0.02 ppm TOI for 4 months did not result in production of TOI­

specific antibodies nor, on bronchial provor.ation challenge, pulmonary 

hypersensitivity. 

Study N4 was a further investigation of the pulmonary 

hypersensitivity model examined in the previous study. Guinea pigs 

were exposed to 0, 1, 3 or 4 ppm TDl vapour for 3h/day for 5 days and 

then chal lenged 22-30 days later with atmospheres of protein conjugates. 

It was shown that the animals reacted (increased respiratory rate) to 

one type of conjugate (the Karol conjugate) but not to another (the ICI 

conjugc1te). It was shown that both the antibody and pulmonary 

responses seen with TDI were dependent upon the quality of the hapten­

protein conjugate used and it was concluded that &urther investigat1on 

of this animal model was required. 

Study Nos.N5 and N6 were briefly reported investigations on guinea 

pigs and monkeys. Guinea pigs were exposed to 0.01-5 ppm TDI for 3 x 

6h and then re-exposed 3 weeks later to 0.02 ppm TDI. Those animals 

previously exposed to high concentrations of TDI (2-5 ppm) showed 

reduced respiratory rate when re-exposed . Monkeys exposed to 0.13-0.7 

ppm TDI for 6h exposures and then re-exposed 3 weeks later to 0.02 ppm 

or r.hronica lly exposed to 0.02 ppm TDI for a period of 23 x 6 h, showed 

no change in respir~tory pattern. 
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15 BIOCHEMICAL OR CELLULAR INTERACTIONS (Study Nos . Pl-P5) 

15.1 Summary 

In vitro tests indicate that the TDI isomers are capable of 

inhibiting cho linesterase activity obtained from various sources. 

2,6-isomer appears to be the more ooter.t in this respect. TDI inhibit 

bronchial tree AChE activity after repeated exposure to rats indicating 

a loca lised effect. A study has shown that TDI is capable of a direct 

effect on airway smooth muscle. 

15. 2 Study Assessments 

Most of the studies reviewed here are concerned with the effect o 

TDI on cholinesterase . 

Studies Pl & P2 investigated the degree of acetyl cholinesteras~ 

inhibition by TDI (mixed i somers) in human erythrocytes in vitro and 

showed that the compound was a strong inhibitor under the conditions 

assay. The effect was not quickly reversible . 

The in vitro action of TDI on cholinesterase activity was studied 

i~ more detail in Study P3. The actior of 2,4- and 2,6-TDI was 

compared in a ser ies of investigations in human or horse serum, human 

plasma and eel ChE. 2,6-TDl was the more potent of the 2 isomers for 

human serum and eel ChE. When exposed at 1 ppm in air, the 2 isomers 

had s imilar inhibitory effect on horse serum ChE activity. 
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In vivo, Study P4, TDI (80:20 isomer ratio) was exposed to rats at 

several concentrations in a series of 4h exposures over 1-14 days. 

Acetycholinesterase octivity was mea · ured in blood and bronchial tree 

after the last exposure in each study . Blood AChE ctctivity was not 

affected after single exposures up to 4.3 ~pm TDI or 14 daily exposures 

of 1.2 ppm TDI. Some inhibition of bronchial tree AChE activity 

occurred after repeated expcsure. In another trial, bronchial tree 

AChE activity was inhib ited by 36% following exposu~e of rats to 1 ppm 

TOI, 5 days/ week for 3 weeks. 

In Study PS, tracheal strips from guinea pigs repeatedly exposed 

to 29 ppb 2,4-TOI were more responsive to contraction induced by 

carbachol, than controls. 

Intratracheal administration at 0.3 ml TOI per guinea pig, (Study 

P6), resulted in coagulatior. of protein in the respirator·y tract, 

leading to death from respiratory distress. 
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NOTES ON APPENDICES 

1. 

2 . 

3. 

The Appendices are presented in HEDSET format as required for the 
European Community electronic presentation of data on existing 
chemicals. 

The HEDSET oection 5 is concer~ed with TOXICITY, hence all the 
Appendices are numbered as sub-sectjons of 5. 

The HEDSET format is ;. , · ·prt! ecribed to allow computer searching by the 
European Community ~:tu tJ ~d.·;;ics. It requires: 

a ) 

b) 

C) 

metho~3 other than EC/OECD test methods to be referred to as 
"OTHER" . 

t est subs\.aJ:ces :!Ot sta t ed i n the HEDSET Section :... . 1. -1.4 to 
be r.ef~rred toRS · c~HER". It is intended that the TDI HEDSET 
will l>e bar~d on 80/';.'J TDI. It foll\l'we that tests on single 
isomers , for example, are liRted as "OTHER". In th~se cases, the 
actual test substance is cited ir. the paragraph headed TS. 

multiple remarks, references, etc. to have separate RM, RE, etc. 
headings. 
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5.1.1 

- A1 -

Acute Oral Toxicity 

Type: 
Species: 

LD50 
Rat 

Value: 
Method: 

5800 mg/kg 
Other 

Year: 1957 
GLP: No 
Test Substance: Other 

Reference (RE), Remark (~1), Test substance (TS) 

·rs: 

RM: 

RM: 

RE: 

2,4 TDI (CAS No.584-84-9) 

TDI dosed undiluted ~7 stomach tube to groups of 10 rats (sex 
unspecified) at 6 dose levels (not stated). 

Pathological examination showed corrosive action in stomach. 

Zapp, J.A. 
production. 

Hazards of isocyanates in polyurethane foam plastic 
Amer.Hed.Assocn .Archives Ind.Hlth.1957, 15, 324-330 . 
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- A2 -

5.1.1 Acnte Oral Toxicity 

Type: 
Species : 

LD50 
Rat 

Value: 
Method: 

5840 mg/kg 
Other 

Year: 1964 
GLP: No 
Test substance : Othe r 

Reference (RE), Remar k (RM), Test substance (TS) 

TS: TDI, isomer ratio no t specified. Purity not stated. 

RM: 

RM: 

RM: 

RM: 

RE: 

Description of methodology is minimal but on some points, e.g. 
number rats/group , number of doses, observation period and 
observations, the pr otocol follows OECD guideline 401. 

Male rats only were used, 166-395 g bodyweight. 

TDI administered as neat material at doses of 1000, 2150 5,000 or 
10,000 mg/kg. 

Mortality was 3/5 at 5000 and at 10,000 kg/kg . All nts showed 
clinical signs at 2150 mg/kg and above; hypoactivity and 
salivation. White granular particles in stomach at necropsy at 
5000 and 10 ,000 mg/kg. 

Wazeter, F.X. Toluene diisocyante (TDI ) and polymethylene 
po l yphenyl isocyanate (PAPI): Acute toxicity studies (LD50)in 
male albino rats . International Research and Development 
Corporation Report 100- 012, March 12, 1964. 
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- A3 -

5.1.1 Acute Oral Toxicity 

Type: 
Species: 

LD50 
Rat 

Value: 
Method: 

4130 mg/kg 
Other 

Year: 1986 
GLP: No 
Test substance: Otl-er 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RM: 

RM: 

TDI, 80:20 isomer ratio, dissolved in corn oil. 

Description of methodology is minimal but on some p0ints, e.g. 
number rats per group, number of doses, observation period and 
observations, the protocol follows OECD guideline 401. 

Male and female rats, 10 weeks old . 

TDI given by gavage in corn oil at 6 dose levels from 2150-14,700 
mg/kg. 

Mortality from 2/5 males at 2150 mg/kg to 5/5 males or f.emal~s at 
14,700 mg/kg. 
At 10,000 or 14,700 mg/kg death was preceded by lahoured 
breathing, inActivity an~ diarrhea 
Weight loss in male survivors , sll".aller loss in fema l e . \lhi~e 

crystals ln stomach and dark red lungs at necropsy, dose related. 

LDSO of 5110 mg/kg in males, 4130 mg/kg in females. 

RE: National Toxicology Progr8m. Toxicology and Carcinogenesis 
studies of commercial grade 2,4(80%)- and 2,6(20%)-toluene 
diisocyanate (CAS No.26471-62-5) in F344/N rats and B6C3F1 mice 
(gavage studies). US Dept. of Health & Human Services, August, 
1986 . 

RE: Woolrich, P.F. Toxicity, industrial hygiene and medical control of 
TDI, MDI and PMPPI. Am. Ind. Hyg. Assocn. J., il• 89-97. 

s:\Docs\LITCH2t.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- A4 -

5.1.1 Acute Oral Toxicity 

Type: 
Species: 

LDSO 
Mouse 

Value: 
Method: 

4130 mg/kg 
Other 

Year: 1986 
GLP: No 
Test substance: Other 

Reference (RE) , Remark (RM), Test substance (TS) 

1S: TDI, 80:20 isomer ratio, dissolved in corn cil. 

RM: 

RM: 

RM: 

RM: 

RM: 

RE: 

RE: 

Description of methcdology minimal, but on some points, a.g. 
number of rats per group, number of doses, observation period and 
observations, the protocol follows OECD guidelines 401. 

Male and female mice, 10 weeks old. 

TDI given by gavage in corn oil at 6 dos' levels from 2150-10,000 
mg/kg. 

Mortality from 1/5 females at 4640 mg/kg to 5/5 males or f~maler. 
at 10,000 mg/kg. 
White cr~·stals in stcmach at necropsy, dose related. 

LDSO of 4130 mg/kg in males, 5620 mg/kg in females. 

National Toxicology 
of commercial grade 
(CAS No.26471-62-5j 
studies). US Dept. 

Program. 
2,4(80%)­
in F344/N 
of Health 

Toxicology & Care nogenesis studies 
and 2,6(20%)-toluene diisocyanate 
rats and BC3F1 mice (gavage 
& Human Services, August 1986. 

Woolrich, P.F. Toxicity industrial hygiene and medical ~ontrol of 
TDI, MDI and PMPPI. Am. Ind. Hyg . Assocn. J., il. 8~-97. 
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5 .1. 2 

- 81 -

Acute Inhalation Toxic it~ 

Type : Other (see RM ) 
Species: Rat 
Exposure time : 6 hours 
Value: 
Method: Other 
Year: 1957 
GLP: No 
Test subAtance: Other 

Referenc~ (RE), Remark (RM), Test substance (TS) 

TS: 2,4-TDI (CAS No.584-84-9) 

RM: No methcd detail given. Described only as •acute inhalation 
s udies • . 

RM: 

RM: 

RE: 

600 ppm was l~thnl to rats, 60 ppm was not lethal. 

Rats which died showed acute pulmonary conge stion and oedema. 

Zapp , J. A. 
produc tion. 
330. 

Hazards of isocyanates in polyurethane foam plastic 
Amer. Me rl. Ass 0~~. Archives I nd.Hlth , 1957, 15, 324-
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5.1.2 

- B2 -

Acute Inhalation Toxicity 

Type: LCSO 
Species: Rat 
Exposure time 1 one hour 
Value: 66 ppm 
Method : Other 
Year: 1980 
GLP: No 
Test substance: As preecribed by 1.1-1.4 

Reference (RE), Remark (RM), Test substance (TS) 

TS: TDI 80:20 isomer ratio. 

RM: 

RM: 

RM: 

RE: 

TDI generated as a vapour. Atmosphere sampled by absorption in 
ethyl alcohol followed by HPLC analysis . 

4 male, 4 female r~ts per group exposed to 17.4, 25.1, 43.2, 83.9 
or 267.1 ppm TDI in air. Rats 6- 10 weeks old, 150-300 g body 
weight. Rats observed duri ng exposure and then every 2 days for 
14 days. Bodyweights measured before exposure and then every 2 
~ays for 14 days. Gross examination on all rats. 

Exposure dependent mortality from 1/8 at 17 . 4 ppm to 7/8 at 267 
ppm. 
Signs of wheezing and gasping i ncrea sing in severity with 
increasing exposure concentration, from 17.4-267 ppm. 
Survivors lost weight duriug 1st 4 days after exposure. Lungs 
enlarged, pal~. inflated at all levels and also filled with fluid 
at 43.2 ppm and above. 

Horspool, G.M. Toluene diisocyanate: acute inhalation toxicity 
in the raL. ICI Centra l Toxicrl~gy Laboratory Report 
No.CTL/T/1097 , 2 Feb 1980. 
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5 .1.2 

- B3 -

Acute Inhalation Toxic ity 

Type: Other (see RM ) 
Species: Rat 
Exposure time: 6 hours 
Value: 
Me t hod : Other 
Year: 1964 
GLP: No 
Teat substance: Other 

Reference (RE) , Remark (RM), Tes t substance (TS) 

TS: TDI (unspecified) 

RM : 

t~: 

RM: 

RE: 

TDI genera ted as a vapour. Atmosphere sampled by absorption in 
0.5% DMAB in acetic acid followed by colorimetric analysis. 

Only male rats used, 205-299 g bodyweight. 10 rats at one air 
concentration of 0.25 ppm TDI. Rats observed during exposure and 
then daily f or 14 days. Bodyweight mea sured a t 0, 7, and 14 days. 
Gross examination on all rats at te~nation . 

No mortality and no effect on bodyweight nor on tissues at 
necropsy. 
Slight - moderate erythema during exposure period. 

Wazete r , P.X . PAP!, MDI, TDI: Acute irilialation exposure in male 
albino rats. International Research & Development Corporation, 
Report No.203-006, Nov.26 , 1964. 
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5 .1.2 

- Bll -

Acute Inhalation Toxici.U 

Type: Other (s(!e RM) 
Species: Rat 
Exposure time: 6 hours 
Value: 
Method: Other 
Year: 1964 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (T5) 

TS: TDI , mixed isomers (unspecified) 

RM: 

RM: 

Pr eliminary dose range-finding study. 

Rats exposed to TDI in vapour form at concentrations of <l - 13 .5 
ppm. Six rats per group, sex unspecified. 

RM : Atmosphere sampled by impinger followed by colorimetric analysis. 

RM: 

RE: 

3/6 rats died at 4 and 13 . 5 ppm. 
Ocular - nasal irritation and laboured breathing at 2 ppm and 
above. 
Exposure dependent hodyweight loss , slight at <l ppm. 
Exposure dependen t emphysema and haemorrhage of lungs, slight at 
l ppm. 

Wazeter, F.X. Toluene diisocyante (TDI) and polymethylene 
polyphenylisocyanate (PAP!). Six-hour acute inhalation toxi c ity 
study in rats. International Research & Development Corporation, 
Report No. 100-012, March 26, 1964. 
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5.1.2 

- BS -
~cute Inhalation Toxicity 

Type: LCSO 
Species: Rat 
Exposure time: One hour 
Value: 0.61 mg/1 
Method : Othe r 
Year: 1970 
GLP: No 
Test substance: As prescribed by 1.1-1. 4 

Reference (RE), Remark (RM), Test substance (TS) 

RM : 

RM: 

RH: 

RE: 

Male rats, 20 per group, exposed to TDI aerosol at concentration· 
0 . 093-2.58 mg/1.. Daily observation for 14 days. 

Atmosphere sampled by impinger, followed by colorimetric analysi;. 

Exposure dependent mortality from 0.173 mb/1. Clinical signs of 
laboured breathing and irritation of eyes a~d nose . 
Typical isocyanate lung changes a t necropsy. 

Kimmerle, G. Desmodur T80 (Gemisch aus 2,4- und 2,6-
toluylendiisocyanate im verhaltnis 80:20). Untersuchungen zum 
inhalationstoxizitat. Bayer, Instltut fur Toxikologie , Wupper .al, 
10 July 1970. 
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5 .1. 2 

- B6 -

Acute Inhalation Toxicity 

Type: LC50 
Species: Rat 
Exposure time: 4 hours 
Value: 0.11 mg/1 
Method : Other 
Year: 1970 
GLP: No 
Test substance : As prescribed by 1.1-1. 4 

Reference (RE), Remark (RM) , Test substance (TS) 

RM: Male ra ts , 20 per group, exposed to TDI aerosol at concentra tions 
0.034- 0 . 715 mg/1. Daily observations for 14 jays . 

RM: Atmosphere sampled by impinger, followed by colorimetric analysis . 

RM: 

RE: 

~xposure dependent mortality from 0.057 mg/1. Clinical sigus of 
laboured breathing and irritation of eyes and nose. 
Typica l isocyanate lung changes at necropJy. 

Kimmerle, G. Desmodur TSO (Gemisch aus 2,4-und 2,6-
toluylendiisocyanate im verhaltnis 80:20) Untersuchungen zum 
inhalationstoxiztat. Bayer, Institut ~ur Toxikol ~gie , Wuppertal , 
10 July 1970. 
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- 02 -

5. 2.1 Skin Irritation 

Species: Rabbit 
Irritating 
Other 

Result: 
Method: 
Year: 1964 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: ·ror (unspecified) 

RM: 

RM: 

RE: 

TDI applied to intact or abraded skin of male or female rabbits 
(l male, 1 f emale per group) at doses of 2500-9400 mg/kg. 
Occluded for 24 hours. Skin examined for irritation after washing 
and observed for 14 days. 

Skin irritat ion at each dose, initially slight, with peak effect 
at 5-10 days with moderate - marked erythema, oedema, atonia and 
co~iaceo~sness . Recovery a lmost complete within 14 days. 
Moderate - marked desquamation observed at day 14. Fissuring 
peaked at moderate - marked days 10-12, then negative - slight at 
day 14. 

Waze ter , F.X. Toluene diisocyanate (TDI) and polymethylene 
polyphenyl isocyanate (PAPI). Acute dermal toxicity studies (LD50) 
in the albino rabbi t. International Research & Development 
Corpora tion, Report No.100-012, January 27, 1964. 
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- E1 -

5.2.2 ~rritation 

Species: Rabbit 
Result: Highly irritating 

Other Method: 
Year: 1976 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM ) , Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE : 

~ . 4-TDI , 97% purity (CAS No.584-84-9) 

0.1 ml TDI in conjunctivae of left eye, right eye a s control. 
Cornea , iris , conjunctivae observed at 24, 48, 72, 96 hours and 7 
days. 6 females pe r group. 

Severe irritation of conjun~tivae and cornea within 24 hours . 
Severe conjunctivitis in 2/6 rabbits at 6 days. Corneal lesions 
regressing at this time. Keratoconjunctivitis cleared in 3- 4 
weeks. 

TDI classed as a severe eye irri~ant on the Kay & Calandra scale. 

DuPrat, P., Gradiski , D. and Marignac, B. Pouvoir irritant et 
allergisant de deux isocyanates, toluene isocyanate (TDl) et 
diphenylmethane diisocyanate (MDI). Europ.J. Toxicol. , 1~. · , ~. 
41-53. 
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- E2 -

5.2.2 Eye irritation 

Species: Rabbit 
Irritating 
Draize test 
1964 

Result: 
Method: 
Year: 
GLP: No 
Test 13Ubstance: Other 

Reference (RE) , Remark (RM) , Test substance (TS) 

TS: 

RM: 

RM: 

RE: 

TDI, mixed isomers (unspecified) 

0.1 ml TDI placed in right eye, left eye as control. 
3 groups (3 per group), one with unwashed eyes, two with eyes 
washed after 2 or 4 sec. Eyes obse rved at 0.5, 1.5, 4 and 8 hours, 
then daily up to 30 days. 

Conjunctival irritution moderate - severe in all groups at 24 
hours. Persisted for 10 days in 1st 2 groups but 3rd group less 
affected bt this time. Cornea and iris also affected. In 2 
rabbits, corneal opacity persisted for 30 days. 
Classed as moderate - severe eye irritant on Draize scale. 

Wazeter., F.X. Toluene diisocyanate (TDI) and polymethylene 
polyphenylisocyanate (PAPI ). Eye irritation test in the albino 
rabbit. International Research & Development Corporation , Report 
No.100-012 , March 13, 1964 . 
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5.2.2 Eye irritation 

Species: 
Result: 
Method: 
Year: 
GLP: 
Test substance : 

Rabbit 
Irritating 
Other 
1957 
No 
Other 

- E3 -

Reference (RE) , Remark (RM), Test substance (TS) 

TS: 

RM: 

RE: 

2,4-TDI (CAS No.584-84-9) 

Application to rabbit eye resulted in marked irritation of eyelids 
and mild damage to corneal epithelium, unless eyes were promptly 
and thoroughl y flushed with water . 

Zapp, J.A. 
production. 

Hazards of isocyanates in polyurethane foam plastic 
Amer.Med.Assocn.Archives Ind.Hlth, 1957 , 12. 324-330. 
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5.3 

- Fl -

Sensitisation 

Type: 
Species: 

Open epicutaneous t€ ~ t 

Guinea pig 
Result: Sensitising 

Sensitising Classification: 
Method: Other 
Year . 
GLP: 

1983 
No 

Test substances: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,4-TDI (CAS No.584-84-9), dissolved inn-butyl ether . 

RM: TDI, 4-40% oolutions , applied to clipped dorsum a t 2 x 25 ~1 
applications on separate sites, using groups of 5-8 young adult 
animals. Challenged 5 days later wi th 6 x 25 ~1 applications on 
new sites. Dermal response assessed 24 hours later. 

RM: Inductions of 8, 20, 40% TDI and chall~nge~ of 0.025 - 0.4% gave 
scores of 1.6 - 4.0 out of 8.0 on Draize sca:e , dose-related. 
Induction~ of 4 or 8% TDI and challenge by 0.006 - 0.1% also 
positive. 4% induction and C.006 or 0.012% challenge was 
negative. 

RM: 

RE: 

Study showed dose dependent skin sensitisation by TDI with a no­
effect level established. 

Koschier, F.J., Burden, E.J., Brunkhorst, C.S. and Friedman, M.A. 
Concentration-dependent elicitation of dermal oensitization in 
guine~ pigs treated with 2, 4-TDI . Toxicol.Appld.Pharacol., 1983, 
§]_, 401-407. 
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5.3 Sensitisation 

Type: 
Species: 
Result: 
Classification: 
Method: 
Year: 
GLP; 

Other 
Guinea pig 
Sensitising 
Sensitising 
Other 
1967 
No 

Test substance: Other 

- F2 -

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,4 TDI (CAS No.584-84-9), 1% in dinonyl phthalate. 

RM: 0.1 ml TDI solution applied daily to outer ear fr-..· 3 days (8 
guinea pigs per group) . On day 7, 0.2 ml TDI solution a pplied to 
clipped flank. Effect evaluated 24 h later. 

RM: Ratings on scale ++ (bright pink), + (pink), + (light pink), 
Tr (just observable erythema). 

RM: 

RE: 

Results 1/8 ++, 2/8 +, 2/8 ±. 3/8 trace. 
Compound considered to be a skin sensitiser. 

Stevens, M.A. Use of the a lbino guinea-pig to detect the skin­
sensitising ability of chemicals. Brit.J.Indstr.Med., 1967, li• 
189-202 . 
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5.3 Sensitisation 

Type: 
Species: 
Result: 
Classification: 
Method: 
Year: 
GLP; 
Test substance: 

Other 
Guinea pig 
Sensi tising 
Sensitising 
Other 
1967 
No 
Other 

- F3 -

Reference (RE), Remark (RM), Tes t substance (TS) 

TS: 2,6-TDI (CAS No.91-08-7), l% in dinonyl phthalate. 

RM: 0.1 ml TDI solution applied daily to outer ear for 3 days (10 
animals per group). On day 7, 0.2 ml TDI solution applied to 
clipped flank. Effect evaluated 24 h later . 

RM: Ratings on scale++ (bright pink), +(pink), +(light pink), Tr 
(just observable erythema). 

RM: 

RE: 

Results 2/10 ++ , 3/10 +, 4/10 ±· 1/10 Tr . 
Compound conside1:ed to be a skin sensitiser . 

Stevens, M.A. Use of the albino guinea-pig to detect the skin­
sensitising ability of chemicals. Brit.J . Indstr . Med., 1967, £i, 
189-202. 
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5.3 

- F4 -

Sensi tis a tion 

Type: 
Species: 

Guinea pig maximdsa~ion test 
Guinea pig 

Result: Sensitising 
Classifica ti'Jn: Sensitisiug 
Method: Othe r 
Year: 1976 
GLP : No 
Test substsance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

·rs: 2,4- TDI (CAS No.584-8'--9), 97% purity , 5% in olive oil or Freund's 
adjuvant. 

RM: Method based upon Kligman & Magnusson (1969): See RE. 

RM: 1st step: 0.05 ml 5% TDI in olive oil or Freund ' s adjuvant given 
i d , followed by 1 week rest. 
2nd step: 20% TDI in vaseline by dorsa l epicutaneous application . 
followed by 1 w~ek rest. 
3rd step: 0.1, 0.2 o• 0.5% TDI in vaseline applied to flank and 
left for 24 h. Skin assessed 24 and 48 h later. 3 weeks rast. 
Fina l step: To check possibility of cross sensitisation. 14 MDI 
in vaseline appl ied , skin assessed . 

RM: oup sizes: 15 females per test group, 6 females pe~ control 
group (extracted from results information}. 

RM: Results showed that skin sensitisation occurred when challenged 
with 0.2 and 0.5% TDI in vaseline at rate of 47% and 72% 
respectively (no result given for 0.1% TDI in vaseline} . 

RM: 

RE: 

On this basis 2,4-TDI is considered to be a medium - strong skin 
sensitiser. 

Cross sensitisation was shown with MDI when it wa s applied at 1% 
in vaseline (82% sensitisa tion). 

DuPrat P, Gradiski D &nd Marignac B. Pouvo~r irritiant et 
allergisant de deux isocyanates toluene diisocyana te (TDI), 
diphyenylmethdane diisocyanate (MDI). Europ.J. :oxicol., 1976 
.2.. 41-53 . 

RE: Using method of: Kligman . B. and Magnusson, A.M . The 
i den t i fic ation of c ontact allergens by animal assay, the guinea 
pj g maximisation test, J.Duvertig Derm. 1969, 52, 268-276. 
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5.3 Sensitlsation. 

Type: 
Specitls: 

Other 
Guinea pig 
Sensitising 
Sensitising 
Other 

Rt:sult: 
Clat>sification: 
Method: 
Year: 1981 
GLP; No 
1'dst substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RH: 

RM: 

RE: 

.n, 80 20 isomer ratio , in olive oil 

50 ~l 10% TDI solution applied to shave~ dorsal area of each of 8 
feu~le guinea pigs. Challenge with 25 ~l 0.1% TDI 7 days later 
by application to one flank of each animal and 25 ~l olive oil on 
other flank. 

Contact sensitivity observed in 7/8 animals with maximum severity 
at 24 hours after challenge. Severity was ++++ on scale of + to 
++++. 

Ka~ol M.H, Hauth B.A. Riley E.J . snd Magreni C.M. Dermal contact 
wi th ~JI produces respiratory tract hypersensitivity i n Guinea 
Pigs. Toxicol.Appld.Pharmacol ., 1981, ~~. 221-230. 
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5 . 3 ~ .. 11sitisation 

Type: 
Species: 
Result: 
Classification : 
Method: 
Year: 
GLP : 
Test substance: 

- P6 -

Mouse eaL swelling test 
Mouse 
Sensitizing 
Sensitizins 
Other 
1985 
No 
Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: TDI, 80 20 isomer ratio, dissolved in ethyl acetate. 

RM: Following info. taken from figures and abstract, text is 
in Japanese. 

RM: Mice given application of 1% or 5% TDI solution to tail or back 
and then challenged 7 days later with 1% TDI solution on ear. 
Ear thickness measured 24 or 48 hours later. 

RM: Significant ear swelling produced by this (modified) procedure. 

RE: Tanaka K, Takeoka A, Hanada S , Okamoto Y, Ino T and Okuizumi J. 
Some additional findings on con~act sensititivy of mice induced 
by TDI. Jpn.J.Allergol, 1985, li. 128-134. 
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5.3 

- P7 -

Send tis a tion 

Type: 
Species: 

Mouse ear swelling test. 
Mouse 

Result: Sensitizing 
Classification: Sensitizing 
Method: Other 
Year: 1985 
GLP: No 
Test Substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,4-TDI (Cas No . 584-84-9) in ethyl acetate. 

RM: TDI at concentrations from 0.01 - 10% used to sensitise by 
ap?lying 100 or 500 ~1 to shaved abdomen of groups of 5 male mice. 
Challenged 7 days later by 20 ~1 of 0.1 or 1% TDI solution on ear . 
Ear thickness measured 24h later. 

RM: 

RM: 

RE: 

Induction with 1-5% TDI and chal lenge wi t h 1% TDI showed marked 
response. Challenge wi th 0 .1% TDI showed little or no response. 

100 ~1 sensitising dose and 20 ~1 challenge dose using 1% TDI used 
to investigate effect of age, strain and time on sensitisation 
response. 

Tominaga M, Kohno S , Tanaka K, and Ohata !l. Studies on TDI -
induced delayed type hypersensitivity. Japan J.Pharmacol., 1985, 
l.2_, 163-171. 
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5.3 

- F8 -

Sensitisation 

Type: 
Species: 

Mouse ear swelling test 
Mouse 

Result: Sensitizing 
Classification: Sensitizing 
Method: Other 
Year: 1980 
GLP : No 

Reference (RE), Remark (RM}, Test subst:ance (TS) 

TS: 2,4-TDI (CAS No. 584-84-9) in olive oil. 

RM: Groups of 28 hairy or 10 nude mice used . 

RM: 

RM: 

RM: 

RE: 

30 ~1 5% TDI (Hairy) or 30% TDI (nude) solution applied to back 
daily for 5 days. Mice in both groups challenged wi th 1% TDI 
solution applied to ear 4 days later. Ear thickness measured 24 
and 48 hours later. 

Ear thickness increased 126% at 48h in hairy mice. No effect on 
nude mice. 

Authors suggest thymus - derived !-lymphocytes may have a role in 
contact sensitisation in hairy mice , since nude mice do not have a 
thymus. 

Yasuda K, Nozawa G, Goto T, Sasaki Nand Ishizu S. Experimental 
studies on TDI dermatitis in mice . J.Toxicol Sci., 1980 , 1.11-21. 
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5.3 

- F9 -

Sensitisation 

Type: 
Species: 

Mouse ear swelling test . 
Mouse 

Result: Sensitizing 
Classification: Sensitizing 
Method: Other 
Year: 1980 
GLP : No 
Test Substance: Other 

Reference (RE), Remark (RM}, Test substance (TS) 

TS: 

RM: 

RM: 

RE: 

2,4-TDI (CAS No. 584-84-9), in ethyl acetate . 

0.5 m1 5% TDI solution applied to clipped back. Challenged 1 week 
later wi th 1% TDI solution on ear. Ear thickness measured after 
3 , 24, 48 and 72 h. 

Highest response shown after 24h, - 100% increase in ear 
thickness. 

Tanaka K. Contact sensitivity in mice induced by tolylene 
diisocyanate (TDI). J.Denmatol., 1980, 1 . 277-280 . 
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5.3 

- FlO -

Sensitlsation 

Type: Mouse ear swelling test 
Species: Mouse 
Result: Sensitizing 
Classification: Sensitizing 
Method: Other 
Year: 1986 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM : 

RE: 

TDI (unspecified) in acetone. 

0.05 ml Freund adjuvant !.d . followed by 100 ~1 5% TDI solution 
applied topically to stomach of female 6-8 \·~oek old mice. 10-15 
per group (test ) , 5-10 per control group . Daily appl ication for 4 
days, then challenged 7 days later with topical appl ication ZO ~1 
0.5% TDI solution to ont esr , 20 ~1 acetone to other ear. Ear 
thickness measured 24 and 48 hours late~· . 

Strong response in all test animals with ear thickness increasing 
by 142% on average. 

Gad S.C. Dunn BJ, Dobbs D.W , Reilly C. nnd Walsh R.D . Development 
and validation of Rn alternative dermal sensitisation test: The 
mouse ear swelling test (MEST) Toxicol.Appld.Pharmacol., 1986, ~. 
93-114. 

s: \Docs\LITCH2P .t"])5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.3 

- Fll -

Sensitisation 

Type: 
Species : 

Mouse ear swelling test 
Mouse 

Result: Sensitizing 
Classification: Sensitizing 
Method: Other 
Year: 1987 
GLP: No 
Test substance : Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE: 

TDI , 80 20 isomer ratio , dissolvod in acetone 

100 ~1 TDI solution applied to shaven abdomen of male 6-8 week old 
nu:e, 4-5 per group . Challenge after 4 days with 40 ~1 TDI 
solut~on in one ear, 40 ~i acetone in other ear. Ear thickness 
mP.asured 24 hours later. 

Dose response shown for sensitising doses of 0.7- 28 mg/kg TOI. 
the dose sensitising 50% mice (SDSO) was 5.3 mg/kg. Lower 
responses were obtained with high doses of 149 mg/kg and above . 

Cross sensitisation was shown by challenging with other isocyantes 
- MDI, HOI, HMDI. 

Thorne P. S, Hillebrand J. A, Lewis G.R and Karol M.H. Contact 
sensitivity by diisocyanates: PotenclPs and cross reactivities . 
Toxicol.Appld. Pharmacal., 1987 , .!U.. 155- 165. 
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5 . 3 

- Pl2 -

Sensitisation 

Type: Other 
Species : Rat 

Sensitizing 
Sensitizing 
Other 

Result: 
Classification: 
Method: 
Year: 1985 
GLP: No 
Test substance: Other 

Reference (RE), Remark (PM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE: 

TDI, 80 20 isomer ratio in ethyl acetate. 

Male rats , 7-8 per group , treated as follows: Induction 
i ) 5xl00 ~1 1% TDI solution to shaved back or ii) 500 ~1 on shaved 
tail or iii) to t ail as in ii) and then on back 7 days later. 
Ch9llenge - 7 days af ter last in1uction application, 20 ~1 1% TDI 
solution applied to ear. Ear thickness measured 3, 24, 48 and 72 
hours latt!r . 

Ear swelling response shown by all application methods. Induction 
by i) or ii) gave mPximum response 24 and 48h after challenge. 
Induc tion by iii) gave max . response 24h after challenge. 

Authors indicate t ha t rat can he used as a model for contact 
seno.!.tisation. 

Tanaka K, Nagaye Y, Ma rcui S, Okamoto Y and Hanada S. Contact 
sensitivity in rats induced hy TDI . J.Der.matol . , 1985, 12, 
484 -488 . 
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5.4 ~~peated Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of Adminis tration: 
Exposure Period: 
Frequency of Treatment: 
Doses: 

Control Group: 
NOEL: 
LOEL: 
Method: 
Year: 
GLP: 
Test substance: 

- Gl -

Rat 
Fischer 344 
Male/female 
Gavage 
14 days 
Daily 
30. 60, 120, 240, 500 mg/kg ~·t/day 
5 males , 5 females per group 
Yes concurrent vehicl~ 
60 
120 mg/kg/bw/day 
Other 
1986 
No 
Othr.!: 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: TDI, 80:20 isomer ratio, in corn oil. 

RM: Male and femcle rats dosed by gavage da ily . Rats were 6-7 weeks 
old at start of dosing and were housed 2-3 per cage. 

RM : 

RS: 

RE: 

Rats were observed daily, bodywelght meas~red on days o , 7 & 14. 
Gross examinat ion on all animals. 

No dose related mortality. No clinical effect due to treatment. 
Bodyweight gain depressed 10% or more in males a t 120 mg/kg and 
above , and by 17% in females at 500 ~g/kg. No affect on tissues 
a t gross examination. 

National Toxicity Program ~echnical report on the toxicology and 
ca r cinogenesis studies of commercial grade 2,4(80%) 
and 2,6(20%) TDI. NIH Publicat ion No .86 - 2507. 
Augus t 1986. 
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5.4 

- G2 -

Repeated Dose Toxicity 

Species: Mouse 
B6C3Fl Strain: 

Sex: 
Route of Administration: 

Male I female 
Gavage 

Exposure period: 14 days 
Dosea : 30, 60, 120, 240, 500 mg/kg bwt/day 

5 males, 5 females per group 
Control Group: Yes concurrent vehicle 
NOEL : 500 
LOEL: >500 mg/kg/bw/day 
Method: Other 
Year: 1986 
GLP : No 
Test substance: Other 

Re ference (RE), Remark (RM), Result (RS), Test substance fTS) 

TS: 

RM : 

RM: 

RS: 

RE: 

TDI, 80:20 isomer ration, in corn oil. 

Male and female mice dosed by gavage daily . Mi~e were 6-7 weeks 
old at start of dosing and were housed 5 males or 5 females per 

cage. 

Mice were observed daily, bodyweight measured on days 0 , 7 and 14. 
Gross examination on all animals. 

No dose ~elated mortality and no effect on clinical condition, 
bodyweight or on tissues on gross examination. 

National Toxicology Progra.m technical report on the toxicology and 
carcinogenesis studies of commer cial grade 2,4 (80%) and 2 , 6(20%) 
TDI . NIH Publication No. 86-2507 , August 1986. 

s:\Doc s\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·· G3 -

Repeat~d Dose Toxicity 

Species: Rat 
Strain: Fischer 344/CR 

Male/female 
Gavage 

Sex : 
Route of Adminis tra tion : 
Exposure Period: 90 days 
Frequency of Treatment: 5 days per week 
Doses: 

Contro1 .;roup: 

15, 30, 60, 120 , 240 mg/kg/bw/da~·· 
10 males, 10 females per group 
Yes concurrent vehicle 

NOEL: 30 
LOEL: 
Method: 

60 mg/kg/bw/dag 
Other 

Year : 1978 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: TDI, 80% 2,4 - , 20% 2 , 6- di ssolved in corn oil. 

RM: 

RM: 

RM : 

RS: 

RS: 

RM: 

The study was undertaken to provide information for setting dose 
levels in e subsequent chronic - carcinogenice rat study. 

Male and female rats were dosed by ge.vage at 2. 5 ml TDI solution 
in corn oil per kg bodyweight. Rats were ll weeks old at start of 
dosing and were housed 5 males or 5 females pe. · cage. 

Rats were observed twice daily, bodyweight measured weekly, gross 
~ecropsy all rat&, histopathological exantination carried out on 
ali co~trol ~nd top dose animals on 28 tissues. 

MORTALIT'I •·· male at 60 mg/kg/day, 2/10 male a t 120 
mg /kg /da~ 0 at 240 mg/kg/day . RESPIRATORY 'noise ' was 
hea rd in 1/10 at 60 mg/kg/day , 1/10 at 120 mg /kg/day and 
3/10 at 240 mg/Kg/day, mainly in week 7. Bodyweight was depressed 
by about 101 in males at 120 and 240 mg/kg/day. 

Mild and modera te MUCOID BRONCHOPNEUMONIA in 8/10 males at 240 
mg/kg/day and moderate-severe in 2/10 females. Less s~vere l esion 
in 3/10 males and 1/10 femal es at 120 mg/kg/day . 

As a result of this study, doses of 30 and 60 mg / kg /day for males 
and 60 and 120 mg/kg/day for fe ma les were selected for a 2- year 
study. 

RE: Gordon, ~. B. Toluene diisocyanate C50533 subchronic rat study. 
Litton Bionetics Inc. LBI Project No.10608. August 1978. 
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5.4 

- G4 -

Repeated Dose Toxicity 

Species: Mouse 
B6C3Fl 
Male/female 
Gav-age 

Strain: 
Sex : 
Route of Administration: 
Exposure period: 90 days 
Frequency of treatment: 5 days per week 
Doses: 15. 30, 60, 120, 240 mg/kg/bwt/day. 

10 males, 10 females per group 
Control Group: Yes concurrent vehicle 
NOEL: 60 
LOEL : 
Method: 

120 mg/kg/bw 1d.ay 
Other 

Year: 1978 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RS: 

RS: 

RM: 

RE: 

TDJ, 80:20 isomer ratio, dissolved in corn oil. 

Study undertaken to set dose levels for a subsequent chronic -
carcinogenic mouse study. 

Male and female mice dosed by gavage at 2 . 5 ml TDI solution in 
corn oil per kg bwt. Mice were 10 weeks old at start of dosing 
and we;.:e housed 5 male s or 5 f emales per cage. 

Mice were observed twice daily, bodyweight measured weekly, gross 
examination on all mice dying during the study and on all contcol 
and top dose animals on 30 tissues . 

MORTALITY of 1/10 female at 120 mg/kg/day and 2/10 females at 240 
mg/kg/day. (N.B. there were 25 deaths due to accidental flooding 
of cages on the last day of study . ) 

No effect on clinical conditions, bodyweight or tissue 
histopathology. 

Doses of SO and 100 mg/kg/day suggested for a 2-year st11dy. 

Gordon, E. B. Toluene diisocyanate C50533 subchronic mouse study . 
Litton Bionics Inc. LBI Project No.10608. June 1978 . 
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5.4 Repeated Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of Administration: 
Exposure period: 

- GS -

Rat 

Male 
Inhalation 
14 dL,ys 

Frequency of treatment:; 
Doses: 

30 min per day, 5 days per week 

Control group: 
0.34, 2.1, 7.4 ppm. 6 males per group 
Yes concurrent vehicle 

NOEL: 0.34 ppm 
LOEL: 2.1 ppm 
Method: Other 
Year: 1964 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: TDI (unspe~ified) 

RM: Rats exposed in 9 1 chambers to TDI vapour in air at 
concentrations of 0.34, 2.1 or 7.4 ppm. Atmospheres monitored by 
colorimetric analysis after absorption in 1% DMAB in acetic acid . 
Rats caged by group during exposure and individually between 
exposure . 

RM: 

RS: 

RE: 

Rats observed before, during and after exposure. 
before 1st exposure and then weekly . Haematology 
and 21. Gross examination, all rats, microscopic 
lung, liver and kidney. 

Bodyweight 
at days 0, 7, 14 
examination of 

No mortality. Signs of PYTALISM in rats at 2.1 and 7.4 ppm. 
BODYWEIGBT GAIN DEPRESSION at 2 . 1 and 7.4 ppm. 

Wazeter, F.X. PAPI , TDI: Subacute inhalation toxicity study in 
rats. International Research and Development Corporation, Report 
No.203-002, December 11, 1964. 
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5.4 Repeated Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of Adm.i1\istration: 
Exposure period: 
Frequency of treatment : 

- G6 -

Rat. 
Wistar 
Male 
Inhalation 
5 days 

Post Exposure Observ.Period: 
4 hours/day 
14 day~ 

Doses: 20 males/group 
Control Group: 

0.137 , 0.041 mg/1 
No 

NOEL: 
LOEL: 
Method : 

0.041 mg/1 
. ther 

Year : 1970 
GLP: No 
Test substance: As prescribed by 1 .1-1.4 

Reference (RE), Remark (RM), Resu ,t fRS), Test substance (TS) 

RM: 20 male rats per group were exposed to TDI in aerosol form by 
inhalation for 4 h/day for 5 days, at 0 . 041 or 0. 137 mg/1. 

Rl1: 

RM: 

RS: 

RE: 

The TDI air concentrations were analysed by a colorimetric methocl. 
after sampling by an impinger. 

The rats were observed daily for clinical signs and mortality. 

All rats in each group showed treatment rela~ed signs of toxicity. 
7hese were shown as REDUCED RESPIRATION and EYE AND NOSE 
IRRITATION. MORTALITY was 1/20 at 0.041 mg/1 and 16 /20 a t 0.137 
mg/1. 

Kimmerle, G. Desmodur TSO, Untersuchungen zur inhalation 
toxizitat. ~ayer , Institute fur Toxikologie report 10 July 1970. 
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5.4 

- G'l -

Repeated Dose Toxicity 

Species: Rat 
Strain: Wistar 

Male 
Inhalation 
28 days 

Sex: 
Route of Administration: 
E.xpoaure period: 
Frequency of Treatment 
Dose~;: 

4 hours per day, 5 days per week 
0 . 2, 2.0 ppm 

Control Group : Yes concurrent v~hicle 
0. 2 ppm NOEL: 

LOEL: 2.0 ppm 
Method: Other 
Year: 1970 
GLP: No 
Test s•.1bstance: As prescribed by 1.1-1.4 

Reference (RE), Remark (RM) , Result (RS ), Test substence (TS) 

RM: 

F'.M: 

RS: 

RE: 

Rats exposed to TDI in aerosol form by inhalation. TDI atmosphere 
con:entrations analysed by a colorimetric method after sampling by 
an impinger. 

Rats observed daily, bodyweight weekly, clinical chemistry on 10 
rats per group at terminalion, haematology on 5 rats per group, 
gross examination on a:'. l rats and organ wei ght.s. 

Two rats died at 2 ppm. LABOURED BREATHING in rat& t 2 ppm, also 
depressed bodyweight ge.in. There was severe L'JNG DAMAGE a t 2 ppm, 
accompanied by marked incr~ase in LUNG WElGE:. No effect on 
biochemistry or haematology. No effects at 0.2 ppm. 

Kimmerle, G. Desmodur TSO, Untersuchungen zur inhala t ion 
toxizitat. Bayet, Institute fur Toxikologie report 10 July 1970. 
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5.4 
- G8 -

Repeated Dose Toxicity 

S9ecies : Rat 
Strain: Wistar 

Male/female 
Inhalation 
21 days 

Sex : 
Route of AdminiAtration: 
Exposure period: 
Frequency of treatment: 6 hours pex day, 5 days per week 

0.24, 0 . 67, 2 . 83 ppm. Doses: 

Control group: 
8 males, 8 females per group. 
Yes concurrent vehicle 

NOEL: No t obtained 
LOEL: 0.24 ppm 
Method: Other 
Ye'lr: 1980 
GLP: No 
Test substance: As prescribed by 1.1-1.4 

Reference (RE) , Remark (RM) , Result (RS), Test substance (TS) 

RM: Male and female rsts, 175-215g, exposed to TDI vapour at air 
concentrations of 0 , 0.24, 0.67 or 2.83 ppm. Animals were housed 
individually during exposure and 4 per cage between exposur es. 
Airflow through the 60 1 chambers was 8 1 per minute. 

RM: 

RM: 

RS: 

RS: 

RS: 

Atmosphere concentrations were measured by drawing air through 
glass absorbers ~ontaining absorbing solution, followed by 
colorimetric analyses. Three analyses for each level during each 
exposure. 

Animals were examined for clinical condition, bodyweight, food and 
wate r consumption , l• :ng function (weekly), haematology , blood and 
urine biochemist•.y (at termination), gross and microscopic ti ssue 
examination. 

All rats at lowest level showed LABOURED BREATHING at days 7/8 
when atmosphere concentra tion showed excursion to 0.6 ppm. 
LABOURED BREATHI NG occurred in all rats at 0. 67 ppm and was severe 
at 2.84 ppm. Four r ats DIED or were killed at 2.83 ppm (1/8 male, 
3/8 female). 

Effecta seen at 2.83 ppm included decreased RESPIRATION RATE and 
TIDAL VOLUME, inc reased AIRWAY RESISTANCE, decreased URINE VOLUME 
and PROTEIN. increased BLOOD UREA , ~., ·- ·: ~ ued HAEMOGLOBIN , 
HAEMATOCRIT, RED CELL COUNT, decreas~d · ··:ITE CELL COUNT and 
PLATELET COUNT. 

BODY\oiEIGHT LOSS occuered in males and females at 2.83 ppm after 
the 5th day of exposure and was related to decreased FOOD INTAKE. 

Continued .. .. 
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RS: 

RM: 

RE: 

- G8 - (contd) 

Histopathological r.hanges at 2.83 ppm occurred in NASAL PASSAGES 
as marked EPITHELIAL RHINITIS with varying degrees of REPARATIVE 
EPITHELIAL HYPERPLASIA. In the LARYNX, FOCAL EPITHELIAL NECROSIS/ 
DEGENERATION was seen in 2/8 males and 3/8 females. REPARATIVE 
EPI'l'UELIAL H'!PE.'RPLASIA was the major change in the TRACHEA ( 4/8 
males, 6/8 females). Several effectt occurred in the lungs, 
aff~cting some or all rats , these were: slight-moderate 
NECROTISING BRONCHITIS or BRONCHIOLITIS and BRONCHIAL/BRONCHIOLAR 
EPITHELIAL HYPERPLASIA and SQUAMOUS METAPLASIA , ALVEOLAR OEDEMA 
and HISTIOCYTOSIS accompanied by EPITHELlALISATION, ACUTE 
ALVEOLITIS and CHRONIC INTERSTITIAL INFILTRATION and FIBROSIS. 

At 0.67 ppm, similar but less severe and less frequent 
histopathological changes were seen in the LARYNX, TRACHEA, LUNG 
and NASAL PASSAGES. At 0.24 ppm, REPARAT.IVE EPITHELIAL 
HYPERPLASIA (l/8 male, 2/8 female) and SQUAMOUS METAPLASIA (l/8 
male , 3/8 female) occurred in the LARYNX . Most rats showed 
EPITHELIAL DEGENERATION with MILD-MODERATE ACUTE RHINITIS of the 
NASAL PASSAGES, minimal changes were seen in the LUNG mainly as 
FOCAL ALVEOLI~ HISTIOCYTOSIS ( l / 8 male, 2/8 f ~male) . 

Atmospheric levels were difficult to control at t he lowest level 
and effects seen may have been due to high (up to 0.6 ppm) 
excursions. 

Bennett, I.P. , Chart, J.S . , Doe, J.E . , Gore, c .w. and Patton, 
D.S.G. Tolylene Dilsocyanate, Three Week Inhalation Toxicity in 
the Rat. ICI Central Toxicology Laboratory Report No .CTL/ T/ 1286, 
2 February 1980. 
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5.4 

- (!9 -

Repeated Dose Toxicity 

Species: Rat 
Strain: Fischer 344 

Male/female 
Inhalation 
30 days 

Sex: 
Route of Administration: 
Exposure period: 
Frequency of treatment: 6 hours per day for 20-22 exposur~ dP.ys 

0.1, 0.3 ppm. 10 males, 10 females per 
group 

Doses: 

Control group: Yes concurrent vehicle 
NOEJ,: 
LOEL: 
Method: 

0.1 ppm 
Other 
1976 Year: 

GLP: No 
Test substance: As prescribed by 1.1-1 . 4 

Reference (RE) , Remark (RM), Result (RS), Test substance (TS) 

RM: Rats exposed to TDI vapour at air concentrations of 0. 1 and 0.3 
ppm in 14.5 m' chambers. Test atmosphere analysed by the Marcali 
method. 

RM: 

RS: 

RS: 

1\.E: 

Rats observed daily, bodyweight measured twice weekly. 
H3emetology and blood biochem~stry at termination. Gross 
examination on all animals. Livers and kidneys weighed . 

No mor t ality. Respiratory and eye irritation in all groups did 
not seem to be related to treatment. BODYWEIGHT GAIN was 
significantly DECREASED in males at 0.3 ppm and to a lesser extent 
at 0 . 1 ppm. 

There were no r.hanges in haematolo&y. blood biochemistry, orga~ 

weigh t or gross pathology that could be considered to be due to 
treatment. 

Henck, J.W., Kocibe, R.J., Keyes, D.G. and McKenna, M.J. A 30-day 
repeated inhalation toxicity study of TDI in laboratory animal s. 
Dow Chemical Co., Midland, Michigan, February 25, 1976. 
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5.4 

- G10 -

Repeated Dose Toxic ity 

Species: l<.at 
Sprague-Dawley 
Male/female 
Inhalation 

Strain: 
Sex: 
Route of Administration: 
Exposure period : 30 days 
Frequency of treatment: 6 hours per ddy, for 20-22 exposure days 

0.1, 0 . 3 ppm Doses: 

Control group: 
10 males , 10 females per group 
Yes concurrent vehicle 

NOEL; 
LOEL: 

0.1 ppm 
0.3 ppm 

Hethod : Other 
Year: 1976 
GLP: No 
Test substance: As prescribed by 1.1-1.4 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

RM: Rats exposed to TDI vapour a t air concentration of 0.1- 0.3 ppm in 
14.5 m' chamberq . Test atmospheres analysed by the Marcali 
method. 

RH: 

RS: 

RS: 

RS: 

RE: 

Rats observad daily, bodyweight measured twice weekly. 
Haematology of blood biochemistry at termination. Gross 
examination en al l animals. Livers and kidneys weighed . 

No mortality. Respiratory irritation seen in rats in 
all groups including control. Probably due to a 
glandular infection. However, 0.3 ppm group we~e 
bffected most and did not recover to same extent as 
other groups. The 0. 3 ppm ma l es sho\l:ad DECREASED 
BODYWEIGHT GAIN which may have been accentuated by the 
infection. 

Lesions of the salivary glands and eyes in male s were 
co~sidered to be due to the glandular inf~ction. 
Increased amount of CATARRHAL MATERIAL in NASAL 
TURBINATES of 1/10 male rats at 0.3 p~m was considered 
to be only lesion due to compound exrosure. 

No eff~ct on haen~tology , blood bioche~istry or organ 
weight . 

Henck, J .W. , Kociba, R.J ., Keyes, .G. and McKenna, 
M.J. A 30- dey rep£.ated in.halation t oxicity stud~ of 
TDI in laboratory animals. Dow Chemical Co. , Midland, 
Michigan, February ?~ . 1976. 
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5.4 Repeated Dose ToxJ.cfu 

Species: 
Strain: 
Sex: 
Route of Administration : 
Exposure period: 
Frequency of treatment: 
Doses: 

Control group: ; 
NOEL: 
LOEL: 
Met hod: 
GLP: 
Test s~bstance: 

- Gll -

Mouse 
CD-1 
Hale I female 
Inhalation 
30 days 
6 hours per day, for 20-22 exposure days 
0 . 1 , 0.3 ppm. 
10 males, 10 females per group 
Yes concurrent vehicle 
0 . 3 ppm 
>0.3 ppm 
Other 
No 
As prescribed by 1.1-1.4 

Reference (RE), Remark (RM), Result (RS), Test substrnc£ (TS) 

RM: MJ.ce exposed to TDI vapoux: at. air concentrations of 0 . 1 and 0.3 
ppm in 14.5 m3 chambers. Test atmospheres analysed by the 
Marcali method. 

RM: Mice observed daily, bodyweight measured twice weekly . 

RS: 

RE: 

Haematology and blood biochemistry at termination. Gross 
exam.ination on a: 1 animals. Live rs and kidneys weighed. 

One male mouse died on 1st day of exposure at 0.3 ppm but no 
indtcation that this wa s due to treatment. No effect on clinical 
condition, bodyweight, haematology, blood biochemist~y. organ 
weight or gro~s pathology due to treatment . 

Henck, J.'J., Kociba, R.J., Keye s , D.C. and McKenna, M.J. A 30-day 
repeated inhalation toxic i ty study of TDI in laboratory ani~ls. 
Dow Chemical Co., Midland , Mlchigan, FPbruary 25 . 1976. 
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5.4 

- Gl2 -

Re peated Dose Toxicity 

Species: Hamster 
Golden Syr iaP.. 
Male /female 
Inhalation 

Strain: 

Route of Admlnietration: 
Exposure period: 30 duys 
Frequenct of treatment: 6 hours per day, for 20-Z2 exposure days 

0.1, 0.3 ppm. Doses: 

Control group: 
10 males, ~0 females per group 
Yes concurrent vehicle 

NOEL : 0.1 
LOEL: 
;1ethod: 

0 3 ppm 
Other 
1976 Year : 

GLP : No 
Test substance: As pr~scrihed by 1.1-1 .4 

Reference (RE), Rema~k (RM). Result (RS), Test suhstauce (TS) 

RM: 

RM: 

RS: 

RS: 

RE: 

RE: 

Hamster~ exposed to TDI vapour at air concent=ations of 0.1 and 
0.3 ppm i n 14.5 m' chambers. Test atmosph~res analysed by the 
Marcali method. 

Hamsters ohserved daily, bodyweight measured twice weekly. 
Haematolog~ and blood biochemistry a t. termination . Gre ss 
exc,mination of all animals. Livers and kirl "leys weighi:!d. 
Suboeq~ent histophatholglcal examination of liver , kidney, lungs 
and nasal turbinates from 5 hamsters:sex at each exposure level 
and ~ontrol (see RE). 

No mor f'b.li ty and no effects on clinical conditi.m, bodywe:..ght. 
haematology, blood biochemistry or organ weight . 

Increa sed incidence -. f FOCAL l:iYPERPLASIA of RESPIRATORY EP :LTHELIUM 
of NASA.!. TURBINATES, tcc.ompanied by slight INFLAMMATION, in the 5 
males, 5 fpmales a t 0.3 ppm. Also PERIBRONCHIOLAR AGGREGA~~ of 
PRIMARY MONONUCLF.AR CELLS in LUNGS of some of these animal ~>. 

Henc k, J. W. , Kociba, R. J. , Key2s, D .G. and McKenna, t1 . J. A 30-day 
repeated inhalation toxicity s t udy of TD1 in laboratory aniiMls. 
Dow Chenical Co . , Midlnnd, Michi gan , February 25, 1976. 

Kociba. ~.J., KPyes, D. G. and W0lfe, E.L. Histopa t hological 
observa tions in seelr. ted t iS S I'.t'S of Syrien hamsters expooed by 
irilialallon t o vapors of TDt for 6 hours/day, 5 days/w~ek for 4 
wee~s. Dow Chemical Co., Midland, Michiga 1, September 27, 1979. 
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~.4 

- Gl3 -

Repeated Dose Toxicitr 

Spt!ci~s: Rat 
Str.tin1 
Sex: No data 

Inhalation 
266 daya 

Rout~ of Administration: 
Expo&ure period: 
F~~quency of treatment: 6 hours per day , 1 day per week for 3G 

weeks 
Dos~s : 

Control group : 
t} .1 ppm, 10 rats per group. 
Yes concurrent vehicle 

NOEL: 
LOEL : 
Method: 

0.1 ppm 
Other 
1965 Year: 

GLP: 
'l'est. substance: 

No 
Otner 

Reference (RE), Remark (RM.) , Result (RSi, Test subatance (TS) 

RS: 

RM: 

RM: 

P.S: 

RS: 

RE: 

'I'DI (unspecifiE!d) 

Rats exposed to TDI vapour in 25 cubic feet chambers. 
Atmospheres analysed by the Marcali method. 

Rats observed at frequent intervals. Micrcscopic 
examination on t i sJueo of snrviving ani:nalo. 

During first 30-90 min of exposure, all animals sho~ed 

GENERAL DISCOMFORT anJ HYPERAC'riVITY which cont t nued 
fo~ 3-4 hour~ after exposure. The animals then eecame 
LETHARGIC . RALES were heard in about 1/3zd rats after 
8 exposures and in mos~ after 1: exposures/ 

All exposed rats showed PNEUMONI1'IS to varying degr•"e 
in lungs. Mostly as mild-moderate TRACHEITIS end 
BRONCHITIS often accompanied by varying degrees nf 
BRONCHOPNEUMONIA . 6/10 rats showed PROLIFERATION of 
FIBROUS TISSUE in wells of BRONCHIOLES . 

Niawenhuia, R., Scheel, L., Stemmer, K. and Kil l ens ,R. 
Toxicity of chronic low level exposur~s to TDI · n 
a~lmals. Am.Ind.Byg.Assoc.J., 1965 1£, 143-14~. 
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5.4 

- Gl4 -

Repeated Dose Toxlcit.y 

Species: Rat 
Strain: 
Sex: 
Route of Administration: 

No data 
Inhalat i on 
78 days Exposure period: 

Frequency of treatment : 6 hours per day, 5 days per week for 
.'58 exposures 

Doses: 
Control group: 

0.1 ppm. 18 rats per group 
Yes concurrent vehicle 

NOEL: 
LOEL: 
Me thod: 

0.1 ppm 
Other 
1965 Year: 

G7~P: 

Test substance: 
No 
Other 

Reference (RE), Remark (RM) , Resul t (RS), Te s t su~stance (~H) 

RS: 

RM: 

RM: 

RS: 

RS: 

lUt: 

TDI (unspecified) 

Rats exposed ~o TDI vapour 25 cuh.ft. chambers. 
Atmospheres analys~d by Marcal i me t hod. 

Rats observed at frequent intervals. Groups were 
sacrificed iLmediately and 3, 10 , 20 and 24 days after 
last exposur~. ·ris sues exami ned microscopically. 

During 1st 30-90 min of exposure all animal~ shc~ed 
GENERAL DISCOMFORT and HYPERACTIVITY wh;.ch cont inued 
for 2-3 h after exposure. The an imals then became 
LF.THARGIC. RALES were h&a rd i n about l/3rd rats after 
8 exposures and in most a fter 13 exposure . 

~ediately aft~r the last exposure only a few foci of 
mild bronchopneumonia and bronchitis were preu~nt. 
Aftet· 3 days the presence of inflammation was more 
pronounced. 3/5 rats had BRONCHIECTASIS ~ith marked 
chronic ancl acute INFLAMMA1'Im1 and a r .· of 
BRONCHOPNEUMONIA. After 20 and 24 d:, 5/6 rats 
showed PURULENT BRONCHIECTASIS with areas of 
ERONCHOPNEUMONIA and chronic T~~CHEIT!S. 

Control rats also showed moderate to m.arked 
bronch~ectasis with peribronchiti s and 
peribronchiolotis, similar to ch ronic murine 
pneumonia. 

Continued . ..... . 
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- B7 -

5 .1.2 Acute Inhalation Toxicity 

Type: 
Specie"t 
Exposure time : 

LC50 
Rat 
4 hours 
13.9 ppm 
Other 
1962 

Value: 
Method: 
Ye!lr: 
G!..P: No 
Test substance: Other 

Reference (RE), Rema rk (RM) , Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RM: 

RE: 

TDI (1.mspecifit'!d) 

Study in 2 parts i) mortality a ssessment at 0.1-34 piJm TDI 
ii) pathology assessment of respiratn=y tract up 

to 28 days a fter sir.gle 4 h 2xposur.e of 2, 5 or iO ppm TDI. 

TDI generated as au ae rosol . Atmospheric monitored by Marcall 
method. 

Clinical signs included lac rimatJ.on, salivation and general 
discomfort proportional to exposure concentration . 

Pathological effect at 2 ppm limited in lung, with recovery Ly 7 
days after exposure. 
5 and 10 ppm produced severe changes in l ung <tnd tl."achea. 
Bronchopneumonia developed aL various stages a fter exposure. 

Dun~ an , B., Scheel , L.D . , Fa irchild , E.J., Killens, R. and 
Graham, S. Toluene di!socyanate inhalation toxicity: pathology 
and mortality . Am.Ind.Hyg.Assoc . .;., 1962 , 23, '•47-4 56 . 
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- 88 -

5.1.2 Acute Inhalation Toxicity 

Type: 
Speci~s: 

LC50 
Mouse 

Exposure time: 4 hours 
9 . 7 ppm 
Other 
1962 . 
No 

Value : 
Method: 
Year: 
GLP: 
Test substance: Other 

Reference {RE), Remark {RM), 1'est outlstance (TS) 

TS: TDl (unspecified) 

RM: 

RM: 

RM: 

RM: 

RE: 

Study in 2 parts i) mortal i ty assessment at 0.1-34 ppm TDI. 
ii) pathology assessment of respiratory tract up 

to 2d days after single 4 h exposure to 2, 5 or 10 ppm TDI. 

TDI generated a s an aerosol. Atmospheres monitored by Marcali 
method . 

Clinical signs included lacrin~tion, salivation and general 
discomfort proportional to exposure concentration. 

Pathological effec t in lungs nt 2 ppm in only 2/30 mice . 
5 ann 10 ppm produced severe effects in lungs, severi ty dependent 
upon concentration of TDI. 

Duncan, B., Scheel , L.D., Fairchild, E.J. , Killens , R. and 
Graham, S. Toluene diisocyana te inhalation toxicity: patilOlogy 
and mortality. Amer.Ind.Hyg.Assoc .J., 1962, 23, 447-456. 
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5 . 1.2 Acute Inhalation Toxicity 

Type: 
Species : 
Exposure time: 
Value: 
Method: 
Year: 
GLP: 

LC50 
Guinea Pig 
4 hours 
lZ . 7 ppm 
vtl:ler 
1962 
No 

Test substance: Otr.er 

- B9 -

Reference (RE), Re~rk (RM), Test substance (TS) 

TS: T~l (unspecified / 

RM: Study in 2 parts i) mortality assessment at 0.1-34 ppm TDI. 
ii) pathology assessment of respiratory tract up 

to 28 days a fter sing~e 4 h exposure to 2, 5 or 10 ppm TDI. 

RM: TDI generated as ~n aerosol. Atmosphere monitored by Marcali 
methoo. 

RM: Clinical signs inclur ad lacrimation, salivation and general 
discomfort proportiona l to exposure concentration. 

RM: Pathological effects at 2 ppm limited i.n lung, ~rith recovery 7 
days after exposurP. 
5 and 10 ppm produced severe changes in lung and trachea. 
Bronchopneumonia developed at various stages. 

RE: Duncan, B. , Scheel , L.D., Fairchild , E.J., Killens, R. and 
Graham, S. Tol uene diisocyanate i nhalation toxi c i ty : pathology 
and mortality. Am .Ind. Hy& . Assoc.J. , 1962, 23 , 447-456. 
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- BlO -

5.1.2 Acute Inhalation Toxic~ 

Type : 
Species: 

LC!:O 
Rabbi t 

Exposure time: 4 hours 
ll.(J ppm 
OU ··c 
1962 

Value: 
Method: 
Year: 
GLP: No 
Test substance: Other 

RefPrence (RE), Remar~ (RM), Test substance (TS) 

TS: TDI (unspecified) 

:{'1 : =>tudy in 2 parts i) mortality &ssessment at C.l - 34 ppm TDI 
ii) pathology assessment of re~piratory tract up 

t o 28 days after single 4 h exposure to 2, 5 o~ 10 ppL1 TDI. 

RM : TDI generatec as an aerosol. Atmospheres monitored by Ma~coli 
method. 

L 1: 

R '1 : 

Clinicr.l signs included lacrimaticn, salivation and general 
dis~omfort proportional to exposure concentration. 

Pathological effect at 2 ppm li~ited in lung with recovery in 7 
days after exposure. 
5 and 10 ppm produced severe changes in lung and trachea. 
3 animals died at cay 4 a t 10 ppm. Bronchopneumonia developed at 
various stagee a fter expcsur~. 

P..F . Du.tr:an, B. , Sc~eel , L. D. , Fair :hild, E. J. , Kill ens , R. and 
Graham, S. Toluene diisoc yanate ir.halation toxicity: pathology 
and mortality . Am . Ind.Hyg.Assoc.J. , 1962 , g , 447-456. 
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5.1.2 Acute Inhalation ToxicitY 

Type: 
Spec ies: 
Exposure time: 
Value: 
Method: 
Year: 
GLP : 
Test substance: 

Other - RD50 
Mol..se 
3 hours 
0.26 ppm 
Other 
1982 
No 
Other 

- Bll -

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,6 TD1 (CAS No.91-08-7) 

RM: Hale mice; 24-27 ~ bodyweight, 4 per group, exposed to TDI vapour 
at concentrations of 0 . 05- 1.1 ppm. Head only exposure. 

RM: Atmosphere analysed using Mar.cali method. 

RM: Respiratory rate measured before, during and after exposure . 

RM: 

RE: 

Respiratory rate decreased with time and increased ~oncentration. 

Weyel, D.A., Rodney, B.S. and Alarie, Y. Sensory irritation, 
pulmonary irritation and acute lethali~y of a pol}~eric isocyanate 
and sensory irritation of 2,6 TDI. Toxicol . Appld . Pharmacol., 
1982. 64, 423-430. 
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5.1.2 

- Bl2 -

Acute Inhalation Toxicity 

Type: Other - RD50 
Species: Mouse 
Exposure time: 4 hours 
Value: 0 . 199 ppm 
Method: Other 
Year: 1979 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), TP.st substance (TS) 

TS: 2,4-TDI (CAS No.584-84-9) 

RM: Male mice, 24-27 g bodyweight, 4 per group, exposed to TO! vapour 
at concentrations of 0.007 - 3 ppm. Head o~ly exposure. 

RM: Atmospherec analysed by Marcali method. 

RM: Respiratory rate measured before, during and after exposure. 

RM: Fffect on respiratory rate was concentration and time dependent. 

RE: 

Recovery was depe~dent upon expo~ure duration , i.e. short exposure 
- quick recovery long exposure - s low recovery. 

Sangha , G.K., and Alarie, Y. Sensory irritation by Toluene 
diisocyanate i n ~ingle end repeated exposures. Toxicol.Appld. 
Phllrmacol. 1979, ~. 533·· 54 7. 
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- C1 -

5.1.3 Acute Derma~ Toxicity 

Type: 
Species: 

Other - see RM 
Rabbit 

Value: 
Method: Other 

1957 
No 

Year: 
GLP: 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2.4-TDI (CAS No.584-84-9) 

RM: Doses as big as 16,000 mg/kg fa::.led to kill or produce injury to 
organs: 

RM: 

RE: 

Severe locel skin irritation. 

Zapp, J .A. Hazards of isocyanate& in polyurethane foam plastic 
production. Amer.Med.Assocn.Archive Ind.Hlth., 1957, 15 , 324-330. 
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- C2 -

5 .1. 3 A.cute Dermal ToxiciU, 

Type: LD50 
Species: Rabbit 

>9400 mg/kg 
Other 

Value: 
Method: 
Year: 1964 
GLP: No 
Test substance: Other 

Reference {RE), Remark {RM), Test substance (TS) 

TS: 

RM: 

RM: 

RE: 

TDI, isomer ratio and purity not specified . 

TO! applied undiluted to intact or abra~ed skin of 2 male and 2 
female rabbits at dcses of 2500-9400 mg/kg. 24 hour contact, 14 
day observation. 

No observed systemic toxicity. 
Moderate - matked skin irritation according to dose . 

Wazeter, F.X. Toluene diisocyanate (TVI) and polymethylenP. 
polyphenylieocyanate (PAP!) . Acute dermal toxicity stuJies (LDSO) 
in the albino rabbit. International Research & Development 
CorporBtion, Report 100-012, January 27, 1964. 
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- D1 -

5.2.1 Skin Irritation 

Species: Rabbit 
Result: Moderately irritating 

Draize test 
Irritating 

Method: 
Classification: 
Year: 1976 
GLP: No 
Test substance: Other 

Refer~nce (RE), Remark (RH) , Test substance (TS) 

TS: 2,4-TDI, 97% purity (CAS No , 584-84-9) 

RM: 0.5 ml TDI applied to intact or abraded skin of female rabbits, 6 
per group, and occluded for 24 h. Skin examined 24 , 48 and 7Z 
hours later. Also macroscopic and microscopic er.amination up to 
10 days. 

RM: 

RE: 

At 24 hour~ - oedema slight 2/6, moderate 3/6, severe 1/6 . Slight 
regression by 72 h. Results similar from abraded skin. Primary 
cutaneous irritation index of 3.6 on a 0-8 scale. Resolution in 3 
weeks. 

Duprat, P., Gradiski, D. and Marignac, B. Pouvoir irritant et 
allergisant de deux isocyanates, toluene diisocya~.ate (TDI) et 
diphenylmeth&ne diisocyanate (MDI). Europ J.Toxicol., 1976, 1. 
41-53. 
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- G14 (contd) -

RE: Nieuenhuis, R., Scheel, L., Stelll'ler , K. and 
Killens, R. Toxicity of chronic low level exposures 
to TDI in animals. Am.lnd.Hyg.Assoc.J., 1965, l!. 
143-149. 
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5.4 Repeated Dose Toxicit~ 

Species: Rabbit 
Strain : 
Sex: 
Routes of Administration: 

No data 
Inhalation 
266 days Exposure period: 

Frequency of treatment: 6 hours per day, 1 day per week fl•r 38 
wel.:!ks 

Doses: 
Cor.trol group: 

0.1 ppm. 3 rabbits per group 
Yes concurrent vehicle 

NOEL: 
LOEL : 
Mett.od : 

0.1 opm 
Otner 
1965 Year: 

GLP: 
Test 3ubstance: 

No 
Other 

Reference (RE), Rellll'rk (RM), Rt!sult (RS), 'I'est substance (TS) 

TS: 

RM: 

RM: 

RS : 

RB: 

TDI (unspecified) 

Rabbits exposed to TDI vapour in 25 cub.ft. chambers. 
Atmospheres analysed by the Marcali method. 

Rabbits observed at frequent int~rvals. Microscopic 
examination on tissues o: surviving animals. 

Durlng 1st 30-90 min of exposure all animals showed 
GENERAL DISCOMF~RT and HY~ERACTIVIrY which dimini shed 
befc .. c gxposure ended. Towe.rds errl of study some 
=abbits showed SPASTIC-LIKE BREATHING and LIMB 
MOVEMENT during exposure. 

Niewenhuis, R .. Scheel, L., St~mmer, K. and 
Killens, R. Toxicity of chronic low levP.l exposures to TDI nn 
animals. Am.Ir.d.Hyg.Assoc.J., 1965, li. 143-149. 
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5.4 Repeated Dose Toxicity 

Species: 
Strain : 
Sex: 
Route of Administration: 
Exposure period: 
Frequency of treatment: 

Rabbit 

No data 
Inhalation 
78 days 
6 hours per day, 5 days per week for 
58 exposures 

Dosee : 0.1 ppm. 6 rabbits per group. 
Yes concurrent vehic le ContrcJ ~roup: 

NOeL: 
LOEL: 
Method: 

0.1 PPM 
Other 
1965 Year: 

GLP: 
Test substance: 

No 
Other 

Referen~e (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: TDI (unspecified) 

RM: 

RM: 

RS: 

RS: 

RS: 

RE: 

Rabbits exposed to TDI vapour in 25 cub . ft chambers. 
Atmospheres analysed by Marcali method . 

Rabbits observed at frequent intervals. Groups were 
sacrificed immediately and 3, 10, 20 and 24 days gfter 
last exposure. Tissues examined microscopically. 

Two rabbits died. 

During 1st 30-90 min of exposure a ll animals showed 
GENERAL DISCOMFORT and HYP~~CTIVITYY which diminished 
before exposure ended. Towards end of study some 
rabbi ts showed SPAS'I'IC-LIKE BREATHING and LIMB 
MOVEMENT during exposure. 

3 d:1ys after last exposure lungs showed a r•1 us of 
BRONCHOPNEUMONIA and subacute-chl:onic BRONCHITIS. 
After 10 days there was extensive INFLAMMATORY 
involvement. At 20 days chronic BRONCHITIS was the 
only major aLnormality . 

Niewenhuis, R. , Scheel , L., Stemmer , K. and 
Kil1ens, R. Toxicity of chronic low level exposures 
to 'I'DI in animals. Am.Ind.Hyg.Assoc . .J. , 1965, 26, 
143-149 . 
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5.4 Repeated Dose Toxicity 

Species: Guinea pig 
Strain: 
Sex: 
Route of Administration: 

No data 
Inhalation 
78 days Exposure period : 

Frequency of treatment: 6 hours per day, 5 days per week 
f or 58 exposures 

Doses: 0.1 ppm, 9 guinea pigs per group 
NOEL: 
LOEL: 
Method: 

0 . 1 ppm 
Other 
1965 Year: 

GLP: 
Test substance: 

No 
Other 

Reference (RE), Remark (RM), Res~lt (RS) , Test substance (TS) 

TS : TDI (unspecified) 

RM: Guinea pigs exposed to TDI vapour in 25 cu .ft chamber . 

RM: 

RS: 

RS: 

RS: 

RE: 

Atmosp~eres analysed by Marcali method. 

Guinea pigs observed at frequent intervals. 
were sacrificed immediately and 3,10, 20 and 
after last exposure. Tissues examined 
microscopically. 

4 gu l nea pigs died. 

'3roups 
24 days 

During 1st 30-90 min of exposure all animals showed 
GENERAL DISCOMFORT and HYPERACT!VITY which diminished 
before exposure ended. 

Lungs showed focal acc~ulation of lymphocytes, 
~crophages and plasma cells , often in close 
associa t ion with smR.ll blood vessels and bronchioles. 
INFLAMMATION varie~ from SL!GHT DIFFUSE to PROMINENT 
PNEUMONITIS wi th BRONCHOPHEUMONlA. 

Niewenhuis, R., Scheel , L., Stemmer , K. and 
KilJens, R. ToAicity ~f chrcnic low level exposures 
to TDI in animals. Am.Ind.Hyg .Assoc.J., 1965, 1!. 
143-149. 
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5.4 Repeated Dose ToT-icity 

Species: Rat 
Strain: 
Sex: 
Route of Administration: 

No data 
Inhalation 

Exposure period: 2, 3 or 5 days 
Frequency of treatment : 6 hours per day. 
Doses: 9.5 ppm (2 days), 9.6 ppm (3 uays ) 

5 rats/group. 9.25 ppm (5 days) 10 
rats/group 

Control gr0up: No data specified 
NOEL : 
LOEL: 
Method: 

9 . 25 ppm 
Other 
1962 Year: 

GLP: No 
Test substance: Other 

Reference (RE) , Remark (RM) , Result (RS), Test substance (TS) 

TS: 2 , 4 TDI (CAS No . 584-811-9) 

RM: 

RM: 

RS: 

RE: 

Rats exposed to TDI aerosol for periods of 2, 3 or 5 
days . Atmospheres analysed by Marcali method. 

Rats observed during exposure period and after. 
Tissues examined microb~O~ically. 

All rats died, with average survival time of 5 days. 
All showed sever.e signs of eye and nasal pasqage 
IRRITATION. Death due to blockage of RESPIRATORY 
PASSAGES with separated mucosa from bronchi and 
trachea. Microscopic examination showed severe 
PERIBRONCHITIS and BRONCHOPNEUMONIA. 

Henschlet, D., Assman, W. and Meyer, K.O. Zur 
Toxikologie der Toluylendiisocyanate. Arch.Toxikol., 
1962, li. 364-389 . 
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5.4 Repeated Dose Toxicity 

Species: Rat 
Strain: 
Sex: 
Route of Administration: 

Wo data 
Inhalation 

Exposure period: 2, 3 or 5 days 
6 hours per day Frequency of treatment: 

Doses: 10.4 ppm (2 or 3 days), 5 rats/group 
10.45 ppo (5 days), 10 rats/group 

Control gl;oup: No data specified 
NOEL: 
LOEL: 
Method: 

.~..0.4 PPU 
Other 
1962 Year: 

GLP: No 
Test substance: Other 

Reference {RE), Remark (RM) , Result (RS), Test substance (TS) 

TS: 

RM: 

RM: 

RS: 

RE: 

2,6-TDI (CAS No.91-08-7) 

Rats exposed to TDI aerosol for periods of 2, 3 or 5 days. 
Atmospheres analysed by Marcali method. 

Rats observed during exposure period and after. 
Tissues examined microscopically. 

5/5 and 10/10 rats died after 3 or 5 days exposure 
respectively and 4/5 after 2 days exposure. Average 
survival time of about 6 days. All rats showed severe 
signs of eye and nasal passage IRRITATION. Death due 
to blockage of RESPIRATORY PASSAGES with separated 
ntucosa from bronchi and trachea. Microscopic 
ex~~nation showed severe PERIBRONCHITIS and 
BRONCHOPNEUMONIA. 

Hens~hler, D .• Assman, W. and Meyer, K.O. Zur 
Toxikologie dcr Toluylendiisocyanate . Arch . Toxikol . , 
1962, 19, 364-389. 
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5 . 4 Reoeated Dose Toxicit~ 

Species: P.at 
Strain : 
Sex: 
Route of Administration: 

No data 
Inhalation 

Exposure period: 2, 3 or 5 days 
6 hours per day Frequency of treatment: 

Doses: 10 . 6 ppm. 5 rats/group (2 or 3 days) 
10 rats/group (5 days) 

Control group: No data specified 
NOEL: 
LOEL: 
Method: 

10.6 PPM 
Other 
1962 Ye1..1r: 

GLP: No 
Test substance: Other 

Reference (RE), RemarK (RM), Result (RS), Test substance (TS) 

TS: TDI, 65 : 35 isomer ratio 

RM: 

RM : 

RS: 

RE: 

Rats exposed to TDI aerosol for periods of 2, 3 or 5 
days. Atmospheres analysed by MarcRli method. 

Rats observed during exposure period and after . Tissues examined 
microscopically. 

All rats died, with average survival tim~ of about 5 days. All 
showed severe signs of eye and nasal passage IRRITATION. Death 
due to blockage of RESPIRATORY PASSAGES with separated murosa from 
bronchi and trachea. Microscopic examination showed severe 
PERIBRONCHITIS and BRONCHOPNEUMONIA. 

Henschler , D., Assman, W. and Meyer, K.O. Zur 
Toxikologh! der Toluylendiisocyanate. Arch. Toxikol., 
1962, 19 , 364-389. 
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5.4 Repeated Dose To~icity 

Species: Rat 
Strain: 
Sex: No data 
Route of Administration 
Exposure period: 

Inhalation 
4 days 

Frequency of treatment: 6 hours 
4.5 ppm 

per day 
Doses: 
Control group: No data 

20 r ats per group 
specified 

NOEL: 
LOEL: 
Method: 

4 . 5 ppm 
Other 
1962 Year: 

GLP: 
Test substance: 

No 
Othr:r 

Reference (RE), Remark KM), Result (RS), Test substance (TS) 

TS: 

RM: 

RH: 

RS: 

RE: 

TDI, 65:35 isomer ratio 

Rats exposed to TDI aeLusol for 4 days. Atmosphere 
analysed by Marcali method. 

Rats observed during exposure period and after. 
Tissues examined microscopically. 

13/20 rats died, with average survival time of about 6.5 days. 
The 7 surviving rats were observed for 4 weeks. Severe signs of 
RESPIRATORY IRRITATION seen in all a imals . Microscopic 
examination showed severe BRONCHOPNE 'iONIA . 

Henschler, D., Assman, W. and Meyer, K.O. Zur 
Toxikologie der Toluylendiisocyanc t~. Arch.Toxikol., 
1962, 19, 364-389. 

s:\Docs\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.4 Repeated Dose To~~city 

Sp~cies: 

Strain: 
Sex : 
Route of Administration: 
Exposure period: 
Frequency of treatment: 
Doses: 

.:C'"gntrol group: 
N'OEL: 
LOEL: 
Method: 
Year: 
GLP: 
Test substance: 

- G22 -

Rat 

No data 
Inhalation 
U days 
6 hours per day. 10 exposures 
0.95 ppm, 20 rats/group 
No data specified 

0.95 ppm 
Other 
1962 
No 
Other 

Reff: ance (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RM: 

RS: 

~S: 

RE: 

TDI 35 isomer ratio 

Rats ~x ~os~d to TDI aerosol for 10 daily exposures 
over a per..;.od rf 12 days. Atmosphere analysed by the 
Marcali method. 

Rats observed d~ring ~he e1posure period and after 
tissues examined microscopically. 

15/20 rats died, the first after 4 days. Lungs from sucviving 
animals were examined 73-l21 days after the last exposure. 

Lungs showed severe PERIBRONCH:;:'! ·s and BRONCHOPNEUMONIA due to 
exposure, with partial reversal . cv~ral months afte r the last 
exposure. 

Hens~hler, D. , Assman , W. and Meyer, K.O. Zur 
Toxikologie der Toluylendiisocyanate. \rch.Toxikol., 
1962, ll. 3611-389. 
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5.4 Repeated nose Toxicity 

Species: 
Strain: 
Sex: 
Route of Administra tion: 
Exposure period: 
Frequency of treatment: 

Rat 

No data 
Inhalation 
2 x 14 days 
6 hours per day, 6 days per week for 

Doses: 
2 weeks, repeated af~er a 4-week br~ak. 
0.48 ppm, 20 rats per group 

Control group: No data specified 
NOEL: 
LOEL: 
Method: 

0.48 ppm 
Other 
196Z Year: 

GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: TDI, 65:35 isomer ratio 

RM: 

RM: 

RS: 

RS: 

RE: 

'I'wo groups of 7.0 rats of bodyweip;hts 91-124 g and 140-
184 g, exposed to TDI aerosol for 2 weeks (12 
exposures) follow~d by a 4-week break and then another 
2-week exposure period. Atmospheres analysed by the 
MarcaU. method. 

Rats observed during the ~xposure period and after. 
Tissues examined microscopically. 

9/20 of the group initially weighing 91-124 g died 
during and just after the first 2 weeks exposure 
period (1st death at day 8). No mortality in tte 
group of heavier rats. 

Microscopic examination of lungs showed PERIBRONCHITIS 
and tRONCHOPNEUMONIA a t day 41, i.e. 4 weeks after the 
end of the ~st exposur.e perion and at day 59, i.e . 4 
days after the 2nd exposure period ended . These 
effects showed re•1ersal to normal findings 8 weeks 
after the last exposure. 

Henschler , D., Assman, W. & Meye r , K.O. Zur 
Toxikologie der Toluy1endiisocyanate. Arch.Toxikol ., 
1962, li· 364-389. 
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5.4 Repeated Dose Toxicity 

Species: Rats 
Strain: 
Sex : 
Route of Administration: 

No data 
Inhalation 
2 x 28 days Exposure peri0d: 

Frequer.cy of treatment : 6 hours p~r day, 5 days pe£ week for 

Doses : 
4 weeks, repeated afte r a 4-week interval. 
0.11 ppm. 30 rats/group 

Control group: Yes concurrent no treatment 
NOEL: 
LOEL: 
Method: 

0.11 ppm 
Other 
1962 Year: 

GLP: No 
Test substance: Other 

Reference (REj, Remark (RM), Result (RS) , Test substance (TS) 

TS: TDI, 65:35 isomer ratio 

RM: 

RM: 

RS: 

RE: 

A group of 30 rats, initial bodyweight 140-185 g, 
exposed to TDI aerosol for 4 weeks (20 exposures) 
followed by a 4-week interval and then another 4 week 
exposure period. Atmos pheres analysed by the Marcali 
method. 

Rats observed during and after exposure periods. 
Bodyweight measured at intervals throughout study. 
Microscopic examination of tissue at termination. 

No mortality. Bodyweight of exposeo rats was lower 
than controls during 1st 4-week e:.posure period, then 
returned a lmost to control l~vel a t the end of the 4-
week interval and was again reduced below control 
value during the 2nd 4-week exposure period. 
Mic .:-oscopic l.w1g changes were similar to those in 
controls. 

Henschle r , D. , Assman, W. and Meyer , K.O. Zum 
Toxikologie der ToluylendiisocyanatP.. Arch.Toxikol., 
1962, ~ 364-389. 
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5.4 Repeated. Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of Administration: 
Exposure period: 
Frequency of tre !tment: 

Doses: 
Control group: 
NOEL: 
LOEL: 
Method: 
Year: 
GLP: 
Test substance: 

- G25 -

Guinea pig 

No data 
Inhalation 
2 x 14 days 
6 hours per day, 5 days per ~eek for 
2 weeks, repeated after a 4-week break. 
0.49 ppm. 5 animals/group 
No data specified 

0 . 49 ppm 
Other 
1952 
No 
Other 

Reference (RE), Remarks (RM) , Results (RS), Test substances (TS) 

TS: TDI, 65:35 isomer ratio 

RM: 

RS: 

RE: 

Guinea pig, 395-480 g initial bodyweight, exposed to 
TDI serosol. Atmosphere analysed by Marcali method. 
Animals observ~d during and after exposure. 

2/5 animals died, one after 10 days, the other after 
11 days, of the 1st exposure period. 

Henschler, D., Assman, W. a&ld Meyer, K.O. Zur 
Toxikologie der Toluylendiisocyan&te. Arch.Toxikol . , 
1962, 19, 364-389 . 
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5.4 Repe~ted Dose Toxicity 

Species : 
Strain: 
SeT-: 
Route of Administration: 
Exposure period: 
Frequency of treatment: 

Doses: 
Control group: 
NOEL: 
LOEL: 
Method: 
Year : 
GLP: 
Test substance: 

- G26 -

Guinea pig 

No data 
Inhalation 
2 x 28 days 
6 hours per day, 5 days per week for 
4 weeks, repeated after a 4-week 
interval 
0.11 ppm. 5 animals/group 
Yes concurrent no treatment 

0.11 ppm 
Other 
1962 
No 
Other 

Reference (RE), Rerua~k (RM), Result (RS), Test substance (TSW) 

TS: TDI, 65:35 isomer ratio 

RM: Guinea pigs, 375-412 g initi~l bodyweight, exposed to 
·rDI aerosol. Atmospheces analysed by Marcali method. 

RM· · Animals observed during and after e~posure, bodyweight 
measured at intervals throughout study. 

RS: 

RE: 

No mortality. Bodyweight of exposed animals was 
slightly reduced compared to controls during the 1st 
exposure period and the 4-week interval and then wa s 
moLe depressed during the 2nd exposure period . 

Henschler, D., Assman, W. and Meyer , K.O. Zur 
Toxikologie der Toluylendi isocyanate . Arch . Toxikol., 
1962, 364- 389. 
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5.4 Repeateu Dose Toxicity 

Species: 
Strain: 
Sex:: 
Route of Administration: 
Exposure period: 
Frequency of treatment: 
Doses: 
Control group: 
NOEL: 
LOEL: 
Method: 
Year: 
GLP: 
Test substance: 

- G27 -

Rat 

No data 
Inhalation 
10 or 30 da ·a 
6 hours pe: day 
1-2 ppm 
No data specified 

1 PPM 
Othe r 
1957 
No 
Other 

Reference (RE), Remark (RM), Result (RS), Test substance (~S) 

TS: 2,4-TDI (CAS No.584-84-9) 

RS: 

RE: 

No observable effect. Micrcscopic ~v~dence of 
TRACHEOBRONCHITIS . 

Zapp, J .A. Hazards of isocyauates in pclyuretl.ane 
foam plastic production . Amer.Med.Assocn.Archives 
Ind.Hlth, 1957, ld. 324-330 . 
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5.4 Repeated Dose Toxicity 

SpecieJJ: 
Strairu 
Sex: 
Route of Administration: 
Exposure period: 
Frequency of treatment : 
Doses : 
NOEL: 
LOEL: 
Method: 
Year: 
GLP: 
T~st suh:: i:.an~.:e: 

- G28 -

Rat 

No data 
Inhalation 
79 days 
6 hours per day 
1.5 ppm 5 rats/group 

l.5ppm 
Other 
1957 
No 
Other 

R2ference (RE), Remark (RM), Result (RS), Test substance (TS) 

T ~: 2,4-TDI (CAS No.584-84-9) 

RS: 

RE: 

No mortality . 4/5 rats showed varying degrees of 
BRONCHITIS at termination. 

L.app, J.A. 
production. 

Hazards of isocyanates in polyurethane foam plastic 
Amer.Med.Assocn. Archives Ind.Hlth, 1957, ll· 324·-330. 
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5.4 Repeated Dose Toxicity 

Species: 
Strain: 
Sex1 
Route of Administration: 
Exposure period: 
Frequency of treatment: 
Doses: 
Control group: 
NOEL : 
LOEL: 
Method: 
Year: 
GLP: 
Test substance: 

- G29 -

Rabbit 

No data 
Inhalation 
3-71 days 
6 hours per day 
l.5ppm 
No ctata specified 

l.Sppm 
Other 
1957 
No 
Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RS: 

RE: 

2,4-TDI (CAS No.584-84-9) 

5 rabbits exposed to TDI for up to 71 exposures. 

One rabbit died after 3 and one died after 5 
exposures. A third rabbit was killed after 19 
exposures, another after 52 and the fifth after 71 
exposures. All animals showed BRONCHITIS. 

Zapp, J.A. Hazards of isocyanates in polyurthane foam 
plastic production . Amer.Med.Assocn.Archives 
Ind.Hlth, 1957, 15, 324-330. 

s:\Docs\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.4 Rdpeated Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of AdminiRtration: 
Exposure period: 
Frequency of t rea tment: 
Doses: 
Control group: 
NOEL: 
LOEL: 
Method: 
Year: 
GLP: 
TE'st substance: 

- G30 -

Guinea pig 

No data 
Inhalation 
23-78 days 
6 hl)urs per day 
1. 5 ppm 
No data specified 

l. 5 ppm 
Other 
1957 
No 
Other 

Reference (RE}, Remark (RM}, Result (RS}, Test substance (TS} 

TS: 2,4-TDI (CAS No.584-84-9} 

RS: Guinea pigs killed after 23 , 40, 57 , 61 and 79 
exposures. All showed BRONCHITIS and varying degrees 
of BRONCHIAL P~EUMONIA. 

RE: Zapp, J.A. Hazards of isocyanates in polyurethane 
foam plastic production. Amer.Med.Assocn .Archives 
Ind.Hlth , 1957, 1~. 324- 330. 
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- G31 -

5.4 Repeated Dose Toxicity 

Species: Dog 
Strain: 
Sex: 
Route of Administration: 

Male 
Inhalation 
120 days Exposure period: 

Frequ~ucy of treatment: 0.5-2 hours ~er day f _ - tuL~l of 
35-37 exposures 

Doses: 1. 5 ppm 
Control group: No data specified 
NOEL: 
LOEL: 
Method: 

1.5 ppm 
Other 
1957 Year: 

GLP : 
Test substance: 

No 
Other 

Refere~ce (RE), Remark (RM) , Result (RS), Test substance (TS) 

TS: 2,4-TDI (CAS No.584-84-9) 

RS: 

RS: 

RE: 

Signs of LACRIMATION, COUGHING, RESTLESSNESS during 
exposure. 

Blood pressure, heart rate, respiration rate, 
bodyweight, blood chemistry , haematology, were not 
affected . 

At teruunation, MILD CONGESTION and INFLAMMATION of 
TRACHEA and LARGE BRONCHI. Thick mucous plugs in some 
of bronchial branches. 

Zapp, J.A. Hazards of isocyanates in polyurethane 
foam plastic production. Amer.Med.Assocn.Archives 
Ind .Hlth, 1957, 15 , 324-330. 
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5.4 

- G32 -

Repeated Dose Toxicity 

Species: Guinea pig 
Strain: 
Sex: 
Route of Administration: 

Male 
Inhalation 
5 days Exposure Period: 

Frequency of treatment: 4 h per day 
21 days Post Exposure Obsv.Period: 

Doses: 
Control group: 

3.1 ppm, 10 animals per group 
Yes concurrent vehicle 

NOEL: 
LOEL: 
Method : 

3.1 ppm 
Other 
1986 Year: 

GLP: 
Tes t substance: 

No 
Other 

Reference (RE), Remark (RM ), Result (RS) , Test substance (TS) 

TS: 2,4-TDI (CAS No.S84-84-9) 

RH: 

RM: 

Male English Short Hair guinea pigs were exposed to TDI 
vapour. Atmospheres analysed by Marcali method. 

Animals killed a~ 2, 24, 72 hours and 1 and 3 weeks 
after last exposure. Trachea at right carina, right 
main stem bronchu& and right mid-clavicular middle 
lung removed for microscopic and e lectro~ ~croscopic 

!Uilination . 

RS: Jnsiderable damage to EPITHELIUM, with stratified 
non-keratinizing cells lining the airways during first 
week after last exposure. Recovery almost complete 3 
weeks after exposure ceased . Moderate increase in 
Type II cells in peripheral lung. 

RE: Miller, M.L . , Andringa, A., Vinegar, A. , Adams, W.D. 
Cibulas, W. and Brooks, S.M. Mcrphology of tracheal 
and bronchial epithelium and Type II cell~ of the 
peripheral lung of the guinea pig after inhalation of 
TDI vapors. Exptl. Lung Res. 1986, 11, 145-163. 
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5.4 

- G33 -

Repeated Dose toxicity 

Species: Guinea pig 
Hartley 
Male 
Inhalation 
14 days 

Strain: 
Sex: 
Route of Administration : 
Exposure period: 
Frequency of treatment : 5 hours per day, 5 days per week 

0.03, 0.26 ppm 7-8 per group Doses: 
Control group : Yes concurrent vehic l e 
NOEL: 
LOEL: 
Method: 

0.03 ppm 
Other 
1986 Year: 

GLP: No 
Test substance: Other 

Reference (RE). Remark (RM), Result (RS), Test substunce (TSj 

TS : 2,4-TDI (CAS No.584-84-9) 

RM: 

RM: 

RS: 

RE: 

Male guinea pigs, 300-350g bodyweight, were exposed to 
TDI vapour. The atmospheres were monitored by the 
Marcali method. 

Animals were killed immediateJ.y after the last 
exposure and the trachea at the carina, right main 
stem bronchus and right mid-clavicular middle lung 
removed for mlcroscopy and electron microscopy. 

At bach exposure levels there was a pattern of 
INFOLDING of the surface of the Ei:'ITHELim: which was 
more apparent than in controls . CYST-LIKE STRUCTURES 
also demons t rated, and were twice control incidence in 
bronchus at 0.03 ppm and 5 and 3 times control level 
in bronchus and carina respectively. No inflammation 
was evident. 

Miller, M.L., Andringa, A. , Vinegar, A., Adams, W.O., 
Cifulas, W. and Brooks, S .M. Morphology of tracheal 
and bronchial epithelium and Type II cells of the 
peripheral lung of the guinea pig after inhalation of 
TDI vapor. Exptl.Lung .Res., 1986, 11. 145-163. 
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5.4 

- G~4 -

Repeated Dose Toxicity 

Species: Mouse 
Strain: Swiss - 'Webster 

Male Sex: 
Route of Administration: Inhalation 
Exposure period: 5 days 
Frequency of treatment: 6 hours per day 

3 days Post Exposure Observ. Period: 
Doses: 
Central group: 

0.4 ppm, 16-24 per group. 
Yes concurrent vehicle 

NOEL: 
LOEL : 
Method: 

0.4 ppm 
Other 
1984 Year: 

GLP: 
Test substance: 

No 
Other 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS; 

RM: 

RM: 

RS: 

RE: 

TDI (unspecified) 

Male mice, 25- 30 g, were exposed tv TDI vapour in 102 
litre chambers. Atmospheres were analysed by a 
modif i ed Marcali method . 

Half the mice were killed immediately after the last 
exposure , the remainder about 3 days later . Nasal 
passage, trachea and lungs removed for mic r oscopic 
examination. 

Lesions produced in upper respiratory trac t included 
INFLAMMATION, ULCERATION, SQUAMOUS METAPLAS IA . 
Recovery was minimal - moderate and not compl ete 
wi thin S days post-~~posure. 
No effect on lungs or trachea. 

Buckley, L.A., Jiang, X.Z. , James, R.A., Morgan, K. T. 
and Barrow, C.S. Respiratory tract lesions induced by 
sensory irritants at the RD50 concentration. 
Toxicol.Appld.Pharmacol . 1984, li. 417-429 . 
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5.4 Repeated Dose Toxicity 

Species: 
Strain: 
Sex: 
Route of Administration: 
Exposure period: 
Frequency of treatment: 
Doses: 

Control group: 
NOEL: 
LOEL: 
M~thod; 
Year: 
GLP: 
Test substance: 

- G35 -

Mouse 
Swiss Webster 
Mals 
Inhalation 
5 days 
3 hours per day 
0.007 , 0.0016, 0 . 0032, 0.012 , 0.018, 
0 . 023 , 0.078, 0 .301, 0.505, 0.82, 1 . 18 npm 
4 mice per group. 0.031 and 0.25 ppm for 
histopath.examination. 
No data specified 
0.018 pj)Dl 
0.023 ppm 
Other 
1979 
No 
Other 

Reference (RE), Remark (RM), Result (RS) , Test substance (TS) 

TS: 

RM: 

RM: 

RS: 

2,4-TDI (CAS No.584 -84-9) 

Mice exposed to TDI vapour, head only. Atmospheres 
analysed by Marcali method. 

Respiratory rate measured before and after each 
P.xposure. Microscopic examination of nasal area of 
mice at 0 . 031 and 0.25 ppm. 

Exposures at and above 0 . 023 ppm produced cumulative 
decrease of RESPIRA'l'ORY RATE. 

RS: Exposure at 0.25 ppm produced microscopic changes in 
NASAL MUCOSA and EPITHELIUM. No effect on nasal area 
at 0.031 ppm. 

RE: Sangh~. G.K. and Alarie, Y. Sensory irrita ~ion by 
toluene diisocyanate in single and repeated exposures. 
Toxicol.Appld.Pharmacol., 1979, 1Q, 533-547. 
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5.5 
- Hl. -

Genetic Toxicity in Vitro 

Type: Ames Test 
System of Testing: Salmonella typhimurium 

TA98, TAlOO, TA1535, TA1538 
Concentration: 4, 20. 100, 500, 2500 ~g per plate 

With Metabolic activation: 
Result: Negative 
Method: Other 
Yea r : 1978 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,4-TDT (CAS No.584-84-9), dissolved in DMSO. 

RM: 

RM: 

Assay according to Ames Test methoJ a~d ~imilar to 
OECD !est Guideline 471. Metabolic activation (rat 
liver). 

Positive controls: 2-nitrofluorene for TA98 and 
TA1538, 2-(1-chloro-2-isopropyl aminoethyl ) 
naphthalene for TAlOO, TA1535. Negative control was 
DMSO. 

RM: The criteria for judging a positive result were: 

RE : 

a) 

b) 

A 2-fold or greater increase over negative 
control count for 
any strain. 

N~gat1ve control cultures had co~nts 
within about 50% of mean value. 

c) Positive control cultures t.d counts 
greater than twice the negative control 
values (usually they were 10-fold greater 
or more). 

d) A background level i ndicating at l~ast 10% 
sutvival. 

OP this basis the test compound was judged to be non­
mutagenic although numerical results were not 
displayed . Results for 2.4-TDI ~~re shown nnly as 
positive or negative in tabular. form for each tester 
s t rain. 

A~derscn , D. and ~tyles, J.A. Appendix II. The 
bacterial mutation test. Br.J .Cancer, 1978, ~ 7 J24 -
930. 
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5.5 

- H2 -

Genetic Toxicity in Vitro 

Type: Ames Test 
Sygtem of testing: Salmonella typhimurium: TA97, TA1535 

33-3333~g per plate (7 concentrations) 
With and without 

Concentration: 
Metabolic activation: 
Result: Negative 
Method: Other 
Year: 1987 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

R.h: 

RM: 

RM: 

RE: 

2,4-TDI (CAS No.584-84-9), dissolved DMSO. 

Ames-type test, similar to OECD Test Guideline 471. Metabolic 
activation with rat or hamster liver. 

Positive controls, 9-aminoacridine for TA97 and sodium 
azide for TA1535. Negative control, DMSO. 

Concentrations >1000 ~g TDI/plate caused precipitation. 

Zeiger, E., Anderson, B., Haworth, S. Lawlor, T. 
Mortelman, K. ~nd Speck, W. Salmonella mutagenicity 
tests: III. Results from the testing of 255 Chemicals. 
Environ.Mutagen., 1987, i• S~ppl.9 , 1-110. 
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5.5 

- H3 -

Genetic Toxicity in Vitro 

Type: Ames Test 
System of testing: Sa lmonella typhimurium: TA98, TA100 

33-3333 ~g per plate (7 concentrations) 
With and without 

Concentration: 
Metabolic activation: 
Result: Positive with 59 
Method: Other 
Year : 1987 
GLP : Nlo 
Test subst11nce: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RM: 

RM: 

RE: 

2,4-TDI (CAS No . 581-84-9), dissolved in DMSO. 

Assay by Ames-type test, similar to OECD Test 
Guideline 471 . Metabolic activation with rat or 
hamster liver preparation. 

Positi ve controls: 4-nitro-o-phenylenedianune for 
TA98 and sodium azide fur TA100. Negative control: 
DMSO 

Chemical considered mutagenic if dose related 
increases in revertants were pro~aced in replicate 
tcials. 

Concentrations >1000 ~g TDI per plate caused 
precipitation. 

Positive results up to 1000 ~g/plates in pre sence of 
metabolic activation (rat or ha~~ter liver) but 
negative in the abuence of activation. 

Zeiger, E., 
kortelmans, 
tests: III. 
Chemicals. 

Anderson, B. , Haworth, S., Lawlor, T., 
K. and Speck , W. Salmonell mutagenicity 
Results from the t es ting of 255 

Environ.Mutagen, 1987 , 2. Suppl.9, 1-110. 
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5 . 5 

- H4 -

Genetic Toxicity in Vitro 

Type: Ames Test 
System of testing: Samonella Typhimuritun:TA97, TA1535 

10-10000 ~g per plate (5 concentrations) 
WH h and without 

Concentration: 
Metabolic activation: 
Result: Negative 
Meth.ori: Other 
Year : 1987 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 2,6-TDI (CAS No.91-08-7), dissolved in DMSO. 

RM: 

RM: 

RM: 

RE: 

Ames-type test, similar to OECD Test Guideline 471. 
Metabolic activation with rat or hamster liver. 

Positive controls, 9-aminoacridine for TA97 and sodium 
azide for TA1535 . Negative control, DMSO. 

Concentrations of 333 ~g/plate, and greater, caused 
precipitation. 

Zeiger, E., Anderson, B . • Haworth, S., Lawlor, T., 
Mortelmans, K. and Speck. W. Salmonella mutagenicity 
tests: III. Results from the testing of 255 
Chemicals. Environ.Mutagen, 1987 , ~. Suppl.9, 1-110. 
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5.5 

- H5 -

Genetic To_!:.icity in Vitro 

Type: Ames Test 
System of Tedting: Salmonella typhimurium: TA98, TAlOO 

3-666 ~g per plate (6 concentrations ) 
With and without 

Concentration: 
Metabolic activation: 
Result 
Method: 

Positive with 59 
Other 

Year: 1987 
GLP: No 
Test substance : Other 

Reference (RE), Remark (RM), Test substance (TS) 

rs~ 

RM: 

RM: 

RM: 

RM: 

RM: 

RE: 

2,6-TDI (CAS No.91- 08-7), dissolved in DMSO. 

Assay by Ames-type test, similar to OECD Test 
Guideline 471. Metabolic activation with rat or 
hamster liver. 

Positive controls: 4-nitro-o-phenylenediamine for TA98 
and sodium azide for TA100. Negative contcol, DMSO. 

Chemical considered mutagenic if dose rel~ted 
increases in revertants were produced in replicate 
trials. 

Concentration of 333 ~g TDI per plate caused 
precipitation. 

Positive results up t o 333 ~g/plate in presence of 
m~tabolic activator (rat or hamster liver). Negative 
in absence of activation . 

Zeiger, E., 
Mortelmans, 
tests: III. 
Chemicals. 

Anderson, B .• Haworth, s., Lawlor, T., 
K. and £peck. W. Salmonella mutagenicity 
Results from the testing of 255 

Envi ron . Mutngen. 1987, i. Suppl.9, 1-110. 
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5.5 

- H6 -

Genetic Toxici ty in Vi t ro 

Type : Allies Test 
Syst~m of testing: Salmonella typhimurium TA1535, TA 1537 

10-10000 ~g per plate (5 concentr ations) 
With and without 

Concentration: 
Metaboi~c activation: 
Result : Negative 
Method: Other 
Year: 1987 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM ) , Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE: 

TDI, 80 : 20 isomer ra tio, dissolved in DMSO 

Assay by Ames-type test, similar to OECD Test 
Guideline 471. Metabol i c activation rat or hamster 
liver preparation . 

Positive controls : 9-aminoacridine for TA1537 and 
sodium azide for TA1535. Negative control: DMSO. 

Concentrations >1000 ~g TDI/plate caused precipitation. 

Zeiger, E., 
Mortelmans, 
tests: III . 
Chemicals. 

Anderson, B., Haworth, S., Lawlor , T., 
K. and Speck W. Salmonella mutagenicity 
Results from the testing of 255 

Environ .Mutagen., 1987 , ~. Suppl.9, 1-110. 
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5.5 

- H7 -

Genetic Toxicity in Vitro 

Type: Ames Test 
System of testing: Salmonella typhimurium TA98, TA100 

3-1000 ~g per plate (6 concentrat~ons) 
With and without 

Concentration: 
Metabolic activation: 
Result: Positive with 59 
Method: Other 
Year: 1987 
GLP: No 
Test substance: Other 

Reference (REJ, Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RM: 

RE: 

TDI, 80:20 isomer ratio, dissolved in DMSO. 

Assay by Ames-type test, similar to OECD Test 
Guirleline 471. Metabolic activation with rat or 
hamster liver. 

Positive controls : 4-nitro-o-phenylenediamine for TA98 , 
sodium azide for TA100. Negative control, DMSO. 

Chemlcnl considered mutagenic if dose related 
increases in revertants produced in replicate trials . 

Positive results up to 333 ~g/plate (precipitation at 
1000 ~g/plate), in presence of metabolic activation, 
but negative in absence. 

Zeiger, E., Andersen, B., Haworth, S., Lawlor, T., 
Mortelmans, K. and Speck W. Salmonella mutagenicity 
tests: III. Results from the test .lg of 255 chemicals. 
Envi ron. Mutagen. 1987, ~. Suppl.9, 1-110. 
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5.5 Genetic Toxicity in Vitro 

Type: 
System of testing: 
Concentration: 
Metabolic activation: 
Result: 
t1ethod: 
Yeat·: 
GLP: 
Test substance: 

- 88 -

Ames test 
Salmonella typhimurium TA1537 
Not specified 
With and without 
Negative 
Other 
1980 
No 
Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS : 

RM: 

RM: 

RE: 

TDI, 80-20 isomer ratio, dissolved in DMSO. 

Test plates placed in polyethylene bags and sealed prior to 
incubation. 

Positive control: 2,4 toluenediamine. Negative control: DMSO. 

Andersen , M., Binderup, M. L., Kiel, P., Larsen, H. and Maxild, J . 
Mutagenic action of isocyanates used in the production of 
polyurethanes. Scan.J.Work.Environ . Health, 1980, §., 221-226 
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5.5 

- H9 -

Genetic Toxicity in Vitro 

Type: Ames Test 
System of testing: Salmonella typhimurium TA98, TAlOO, TA1538 

125, 250, 500 or 1000 ~g per plate for 
TA98. Not specified for TA100 , TA1538. 
With and without 

Concentration: 

Metabolic activation: 
Result: Positive with 59 
Method : Other 
Year: 1980 
GLP: No 
Test subs t ance : Other 

Reference (RE), Remark (RM), Test substance (T5) 

T5: 

RM: 

RM: 

RM: 

RM: 

RE: 

TDI, 80:20 isomer ratio , dissolved in DM50. 

Test plates placed in polyethylene bags and sealed prior to 
incubation. 

Pos i tive control : 2,4 toluenediamine. Negative control: DM50 . 

1000 ~g TDI/plate inhibited bac terial growth. 

Positive results upto 500 ~g TDI/plate in presence of metabolic 
activation (59), negative in absence of 59 . 

Andersen, M., Binderup , M.L., Kiel, P., Larsen , H. and Maxild, J. 
Mutag~nic a : t ion of i socyanates used in the produc tion of 
polyurethanes. Scand . J.Work.Environ.Health, 1980, ~. 221-226. 
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5.5 Genetic Toxicity in Vitro 

Type: 
System of testing: 

Concentration: 
Metabolic a~tivation: 

Result: 
Method: 
Year: 
GLP: 
Test subs tance: 

- HlO -

Ames test 
Salmonella typhimurium TA98, TAlOO, 
TA1535, TA1537, TA1538 
Not specified 
With and without 
Negative 
Other 
1978 
No 
Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RE: 

2,4 TDI (CAS No . 584-84-9) 

DuPont Haskell Labora tory. Bac t erial mutagenicity of 
organoisocyanates. Report MR-2356, HL-764,76, June 7, 1978. 
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5.5 

- Hll -

Genetic Toxicity in Vitro 

Type: Cytogenetic assay 
System of testing: Male human whole blood lymphocyte culture 

0.019-0.15 ~g/ml (-S9), 0.009-0.075 ~g/~1 
(+S9) 

Concentration: 

Metabolic activation: With and without 
Ambiguous Result: 

Method: 0ther - similar to OEC~ Test Guideline 473 
1987 Year: 

GLP: No 
Test substance: Ot'ller 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RM: 

RE: 

TDI, 80:20 isomer ratio, dissolved in acetone. 

Chromosome aberrat ions (CA) were analysed from 100 metaphases per 
treatment where poss i ble. 

Positive control, cyclophosphamide. Negative control, acetone. 

Slight increase inCA at 0. 075 and 0.15 ~B/ml (-S9) , not dose 
related . Increased CA at 0.038 ~g/ml (+59), not dose related. 

Addition of TDI to culture medium resulted in formation of 
polymer-like fibres. At high do$es polymer particles made 
m£taphase analysis impos·sible. 

Maki-Paakkanen & Norppa, H. Chro~osome aberrations and sister­
chromatid exchang~s induced by technical grade TDI and MDI in 
cultured human lymphocytes. Toxicol. Letters, 1987 , ].§., 37-43. 
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- H12 -

5.5 Genetic toxicity in Vitro 

Type: Sister-chromatid exchange assay. 
System of testing: Hale human whole blood lymphocyte culture 

0.0015-0.15 ~g/ml Concentration: 
Metabolic activation: W~th and without 
Result: Negative 
Method: Other-similar to OECD Test Guideline 479 

1987 Year: 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE: 

TDI, 80:20 isomer ratio, dissolved in acetone. 

Sister chromatid exchanges (SCE) analysed from 50 cells per 
treatment, where possible. 

Positive control, cyclophosphamide. Negative control, acetone. 

Addition of TDI to culture mediu.:n resulted in formation of 
polymer-like fibres. At high doses, number of particles made 
slide reading impossible. 

Maki-Paakkanen & Norppa. H. Chromosome aberration and sister­
chromatid exchanges induced by technical grade TDI and MDI in 
culture of human lymphocytes . Toxicol.Lette=s . 1987, ~. 37-43. 
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- H13 -

5.5 Genetic Toxicity in Vitro 

Type: Cytogenetic assay 
System of testing: Chinese hamster ovary cells 

300-1000 1-Lg/m.l Concentration: 
Metabolic activation: With and without 
Result: Negative 
Method: Other-Similar to OECD Test Guideline 473 

1989 Year: 
GLP: No 
Test substance: Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RE: 

2,4-TDI (CAS No.584-84-9), dissolved in DMSO. 

Chromosome aberrations classified as simple (breaks, fragments) , 
complex (interchanges, rearrangements) and other (pulverised). 

Positive controls: MMC (-S9), cyclophosphamide (+S9). NegaH•·e 
control , DMSO. 

Gulati, D.K., Witt, K., Anderson, B., Zeiger, E. and Sheiby, M. D. 
Chromosome aberration and sister chromatid exchange tests in 
Chinese hamster ovary celts in vitro III: Results with 27 
chemical~. Environ.Molec.Mutagen., 1989, 11. 133-193. 
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5.5 

- H:.4 -

Genetic Toxicity in Vitro 

Type: 
System of testing: 

Sister chromatid exchange a ssay 
Chinese hamster ovary cel l s 

Concentration : 200-500 ~g/ml (-59), 50-500 ~g/ml (+59) 
With and without Metabolic activation: 

Result: Ambiguous 
Method: Other-Similar tn OECD Test ~uideline 479 

1989 Year: 
GLP: No 
Test substance: Other 

R'ference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RE: 

2,4-TDI (CAS No.584-84-9) dissolved in DMSO . 

50 second-division metaphase cells were scored per dose fo r 
incidence of sister chromatid exchanges (SCE). 

Positive control , MMC(-59 ) , cyclophosphamide (+59). Negative 
control, DMSO. 

Negative results with metabolic activation . Two out of three 
tests showed increased SCE, without activation. 

Gulati, O.K., Witt, K., Anderson, B., Zeiger, E. and Shelby, M. D. 
Chromosome aberration and sister chromatid exchange tests in 
Chinese hamster ovary cells in vitro III: Results with 27 
chemicals. Environ.Molec.Mutagen. , 1989, !d. 133-193 
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5 . 5 

- 815 -

G~netic Toxicity iu Vitro 

Type : Cytogenetic assay 
Syste~ of Testing: Chinese Hamster ~vary cells 

300-1000 f.L&/ml Concentration: 
Metabolic activacion: With and without 
Result: Positive without S9 
Method: Other, Similar to OF.CD Test Guideljne 473 

1989 Year: 
GLP: No 
Test substance: Other 

R6ference (RE), Remark (RM), Test subscance (TS) 

TS: 2,6-TDI (CAS No .91- 08- 7) dissolved in DMSO. 

RM: 

RM: 

RE : 

Chromosome aberrations classified as simple (breaks, fragments) 
complex (interchanges, rearrangements) and other (pulverised , 
etc.). 

Positive control3 , MMC(-S9), cyclcphosphamide (+S9). Negative 
contr ol , ~MSO. 

Significant dose related response in ab~ence of ~etabolic 
activetion (S9) but negative with S9. 

Gulati, O.K., Witt, K., Anderson, B., Zeiger, E. and Shelby, ti.D. 
Chromosome aberration and sister chromatid exchange tests with 27 
chemicals. Environ .Molec .Mutagen., 1989 , g , 133··193. 
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5 .5 

- H16 -

Genetic Toxicity in Vitro 

Type: 
System of testing: 

Sister chromatid exchange assay 
Chinese hamster ovary cells 
s - 16oo J.Lg/ml Concentration: 

Metabolic activation: 'With and without 
Result : Ambiguous 
Method: Other-Similar t~ OECD Test Guideline 479 

1989 Year: 
GLP: No 
T·est substance : Other 

R -ence (RE) , Remark (RM) , TPst substance (TS) 

TS: 2,6 TDI lCAS No. 91-08-7) dissolved in DMSO . 

RM: 

RM: 

RM: 

RE: 

50 second- division metaphase cells scored per dose for incidence 
oi sister chromatid exchanges (5CE) 

Positive control, MMC (-59), cyclophosphanude (+59). Negative 
control DMSO. 

Induction of SCE, in absence of 59, within concentra tion range 50-
300 J.Lg/ml , response not dose related. Negative in presence of 59. 

Gulati, D.K., 'Witt , K., Anderson , B., Zeiger , E. and Shelby , M. D. 
Cht·omosome aberration and r.ister chromatid exchange tests in 
Chinese hamste r ovary cells in vitro III: Resul t s with 27 
Chemicals. Environ. Molec. Mutagen., 1989, 11. 133-1~3 
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5.5 

- Hl 7 -

9enetic Toxicity in Vitro 

Type: Cytogenetic assay 
System of Testing: Chinese Hamster ovary cells 

:\00-1000 ~g/ml Concentration: 
Metabolic activation: With and without 
Result : Negative 
Method: Other, S~ilsr to OECD Test Guideline 473 

1989 YAar: 
GLP: No 
Test substance: Other. 

Reference (RE), Remark (RM) , Test substance (TS) 

TS: 

RM: 

RM: 

RE: 

TDI, 80:20 isomer ratio, dissol·ved in DMSO. 

Ch~omosome aberrations classified as simple (breaks, fragments) or 
complex (interchanges , rearrangements). 

Positive controls, MMC (-59), cyclophosphamide (+S9). Negative 
control , DMSO. 

Gulati , O.K. , Witt, K. , Ande rson, B .. Zeiger, E. and Shelby, M.D. 
Chromosome aberration and sister chromatid axchange tests in 
Chinese hamster ovary cell~ in vitro III: Results with Z7 
chemicals . Environ.Molec.Mutagen., 1989 , 11. 133-193. 
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5 . 5 

- Hl8 -

Genetic Toxicity in Vitro 

Type: 
System of Testing: 

Sister chromatid exchange assay 
Chinese Hamster ovary ce).ls 
5-500 ~g/ml Concentra t ion: 

Me t abol i c activation: With and without 
Result: Pobitive without 59 
Method: Other, Similar to OECD Test Guideline 479 

1989 Year: 
GLP : No 
Test substance: Other 

Reference (RE), Remark (RM ) , Test substance (TS) 

TS: TDI , 80:20 j_ IDer r atio, dissolved in DMSO. 

RM: 

RM: 

RM: 

RE: 

50 second-division metaphase cells scored per dose f~r incid~nce 
of slater chromatid exchange (SCE). 

Positive control, MMC(-S9 ) , cyclophosphamide (+59). Negat i ve 
control, DMSO. 

I ncreased incidence of SCE a t 500 ~g/ml without 59. 
prest!nce of S9. 

Negat ive in 

Gulati, D.K. , Witt, K. , Anderson, B. , Zeiger, E. and Shelby, M.D . 
Chromosome aberration and sister chromatid exchange tests in 
Chinese hamster ovary cel l o in vitro III : Results with 27 
chemicals. Environ. Molec. Mutagen ., 1989 , ]d, 133-193. 
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5.5 Genetic Toxicity in Vitro 

Type: 
System of testing; 

Concentration: 
Metabolic activation: 
Result: 
Method: 
Year: 
GLP: 
Test substance: 

- Hl9 -

Mammalian cell transformation assay 
Syrian hamster kidney BHK-21 C13 cell 
culture 
0.08, 0.4 , 2, 10, 50, 250 ~g/ml 
With and without 
Negative 
Other 
1978 
No 
Other 

Reference (RE), Remark (RM), Test substance (TS) 

TS: 

RM: 

RE: 

RE : 

2,4-TDI (CAS 584-84-9), dissolved in DMSO. 

Method described by Styles (1977), see RE. 

Styles, J.A . Appendix III Mammalian cell transformation in vitro. 
Br . J.Cancer, 1978 , 12. 931-936. 

Styles, J.A. A method for detecting carcinogenic organic chemicals 
using mammalian cells in culture. Br.J . Cancer 1977 , ~. 558. 
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5.5 Genetic Toxicity in Vitro 

Type: 
System of testing; 
Concentration: 
Metabolic activation: 
Result: 
Method: 
Year: 
GLP: 
Test substance: 

- H20 -

Mammalian cell tranaformation assay 
Human lur.g W1-38 cell culture 
0.08, 0.4, 2, 10, 50, 250 ~g/ml 
With and without 
Negative 
Other 
1978 
No 
Other 

Refet~nce (RE), Remark (RM), Test substance (TS) 

TS: 2,4-TDI (CAS No.584-84 ) , dissolved in DMSO . 

RM: Method d~scribed by Styles (1977), ~e e RE . 

RE: 

RE: 

Styles, J.A., Appendix III. Mammalian cell transformation in 
vitro . Br.J .Cancer, 1978, 11.. 931-936 . 

Styles, J. A., A method for detecting carcinogenic organic 
chemicals using mammalian cells in culture. Br.J.Cancer, 1977, 
1§., 558. 
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5.6 Genetic Toxicity in Vivo 

Type: 
Species: 
Strain: 
Sex: 
Route of Rdministration: 
Exposure period: 
Doses: 

Method: 
Year: 
GLP: 
Test substanc~: 

- Jl -

Micronucleus assay 
Mouse 
CS7BL 
Male /female 
Inhalation 
6 hcurs 
0, 11.8, 18.9 ppm (males ) 
0, 7.5, 11.9 ppm (females) 
Other. Similar to OECD Test Guideline 474. 
1992 
Yes 
As prescribed by 1.1-1.4 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

RM: 5 male, 5 f emale mice per group ex~osed to TDI for 6 hours and 
then bone marrow samples taken 24, 48 and 72 hours after end of 
exposure. Micronucleated polychromatic erythrocytes (MPE) 
incidence measured at each time. 

as: 

RE: 

Small, statistically significant increase in MPE i~ females at 24 
hours at both exposure concentrations and in males at the lower 
concentration. 

Mackay, J.~. Toluene diisocyanate: An evaluation in the mouse 
micronu~leus test. ICI Central Toxicology Laboratory Report 
No.CTL/P/2616, 1992 
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5.6 

- J2 -

Genetic Toxicity in Vivo 

Type: 
Species: 

Micronucleus assay 
Mous'! 

Strain: C57BL 
Sex: 
Route of administration: 

Male/female 
Lnhalation 

Exposure period: 6 hours 
Doses: 0, 5.9 , 11.8, 18.9 ppm (males) 

Method: 
0, 3,7, 7.5, 11.9 ppm (f.emales) 
Other . Similar to OECU Test Guideline 
1992 

474. 
Year: 
GLP: Yes 
Test substance : As prescribed b7 1.1-1.4 

Reference (RE) , Remark (RM), Result (RS), Test substance (TS) 

RM: 

RS: 

RS: 

RM: 

RE: 

5 male, 5 female mice per group exposed to TDI for 6 hours and 
then bone marrow samples taken at 24 hours after end of exposure. 
Micronuclea ted polychromatic erythrocyte (MPE) incidence measured 
at each time. 

Exposure levels of 1l.8ppm in males and 11.9 ppm in females were 
lethal. Therefore bon·2 marrows assessed only at 5.9 ppm in males 
and 3.7, 7.5 ppm in females. 

No effec~ on male bone marrow at 5.9 ppm. Small statistically 
significant increase in HPE in females at 3 . 7 and 7.5 ppm. 
However, values within contr~l range. Changes n0t considered to 
be biologically significant. 

Positive control, vinyl chloride , induced statistically and 
biologically significant increases in MPE, demonstrating 
sensitivity of test system. 

Mackay, J.M. Toluene diisocyanate: An evaluation in the mouse 
micronucleus test, ICI Central Toxicology Laboratory Report 
No.CTL/P/2616, 1992. 
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- J3 -

5.6 Genetic Toxicity in Viv~ 

Type: 
Species: 

Micronucleus assay 
Mouse 

Strain : 
3ex : 

CD-1 
Male I female 
Inhalation Route of administration: 

Exposure period: 6 hours per day, 5 days per week, for 
4 weeks 

Doses: 0, 0 . 05, 0.15 ppm. 5 males, 5 femaleG 
per group 

Me thod: Other 
Year : 199 !i 
GLP: 
Test substance· As prescribed by 1 .1-1 .4 

Reference (RE). Remark (RM) , Result (RS) , Test substance ('rS) 

RM: 

RM: 

RS: 

RE: 

Mice, 5-6 weeks old , e~posed to TDI vapour. 

Boi'le marro~r from femur aspirated with 10% foetal calf serum, 
suspension centrifuged and film of sedimented cell3 prepared. 
Film stained and number of micronuclei-containing cells per 1000 
polychrolllH tic erythrocyte·s estimated. 

No dose or treatment related percentage increase i n micronucleated 
erythrocytes. 

Owen , P.E. The toxicity and ca rcinogenicity of TDI vapour when 
administered to mice over a period of approximately 2 years. 
Hazleton Laboratories Europe Ltd. Report No . 2519-484/2, March 
1986. 

Also pu~lished in -

Loeser , E. Long•term toxicity and carcinogenicity studies with 
2,4/2, 6-TDJ (80/20) in rats and mice. Toxicol.Letters , 1983, 11. 
71-81. 
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5.6 

- J4 -

Genetic Toxicity in Vivo 

Type: 
Species: 

Micronucleus assay 
Rat 

Strain: Sprague-Dawler 
Hale/female 
Inhalation 

Sex : 
Route of administration: 
Exposure period: 6 hours per day, 5 days per week, for 

4 weeks 
Doses: 0, 0.05, 0.15 ppm . 5 males, 5 females 

per ~roup 
Method: Other 
Year: 1980 
GLP: Yes 
Test substance: As prescribed by 1.1-1.4 

Reference (PE) . Rema r k (RM) , Result (15), Test substance (TS) 

RM: 

RM: 

RS: 

RE: 

RE: 

Rats . .>-9 : reeks old, er.posed co TDI vc> pour. 

Bone marrow from femur aspirated with tO% foetal calf serum, 
suspension centrifuged and film of sedimented cells prepared. 
Film stained and number of micronuclei - containing cells per 
1000 polychromatic erythrocytes estimated. 

Slight increase in micronucleated erythrocytes in males and 
females at both dose lev~ls. However, statistically significant 
at lower level only; therefore result not considered to be 
biologically significant. 

Owen, PE. The toxicity 9nd carcinogenicity to rats of TDI vapour 
administered by inhalation for a period of 113 weeks. Hazleton 
Laboratories Europe Ltd. Report No. 2507-464/1, Oct 1980. 

Loeser, E. Long-te~ toxicity and carcinogenicity studies wi th 
2,4/2,6 TDI (80/20) in rats and mice. Toxicol.Letters, 1963, }1, 
71-81. 
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5.6 Genetic Toxicity in Vivo 

Type: 
Species : 

Unscheduled DNA synthesis 
Rat 

Strain: Fischer 344 
Male 
Inhalation 
4 h~urs 

Sex: 
Route of administration: 
Exposure period· 
Doses : 0 , 0.077 , 0.40, 1.49 ppm, 4 rat/group 

Other Method: 
Year: 1988 
GLP: Yes 
Test substance: As prescribed by 1.1-1.4 

Reference (RE). Remark (RM), Result (RS), Test substance (TS) 

RM: 

R."'1: 

RS: 

RS: 

RE: 

Rats exposed to TDI vapour and hepatocyte and lung cultures 
prepared from the tissues 12 hours after the end of exposure. 
Cultures were transferred to glass slides which were. then exposed 
to autoradiography, stained with H & E and scored for assessment. 

2,4-toluenediamine ( TDA) used as positive control , either by 
inhalation at 0 . 11 ppm or by gavage at 150 mg/kg. 

Rats at top dose of 1.49 ppm TDI showed slow irregular breathing, 
piloerection , eye and nose irritation. No effect at lower levels. 

TDI did not induce unscteduled DNA synthesis in lung or 
hepatocytes at any of the exposure levels. TDA (positive control) 
did not induce UDS by inhalation at 0.11 ppm but did by oral 
administration. 

Benford, D.J. and Riley ,R.A. Mutagenicity study for the detection 
of unscheduled DNA synthesis ex-vivo in hepatocytes and lung 
following a single exposure of TDI to rats by inhalation. Study 
No.T0024338. Bayer AG Report No.R4465 , 15.6.88. 
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5.7 

- Kl -

Carcinogenicity 

Speciesz 
Strain: 

Rat 
Fischer 344 
Male/female 
Gavage 

Sex: 
Route of administration: 
Exposure period: 106 weeks 
Frequency of treatment: 5 days per week 
Doses: o. 30, 60 mg/kg males; 0, 60, 120 mg/kg 

females . (N.B. these are nominal values 
values. see RM) . 

Control group: Yes concurrent vehicle 
Other Method: 

Year: 1986 
GLP: No 
Tes t substance: Other 

Refereuce (RE). Remark (RM), Re£ult (RS), Test substance (TS) 

TS: 

RM: 

RM: 

RM: 

RS: 

RS: 

RS: 

TDI, 80:20 isomer ratio, dissolved in corn oil. 

Groups of 50 male, 50 female rats dosed by gavage, TDI in corn 
oil. The corn oil contained 0.05% water. Regular analysis of TDI 
corn oil solutions throughout study showed estimated d0ses to be 
23 and 49 mg/kg for males and 49 and 108 mg/kg for females. 

Rats were housed 5 males or 5 females per cage. Animals observed 
twice a day. Bodyweights measured weekly for 1st 13 weeks, then 
monthly. All rats, except those found dead with advanced 
autolysis, given gross examination. Histopathologica l examination 
on 35+ tissues from each rat. 

Tumour incidence statistically analyzed by methods of Peto et al 
(1980). Fisher exact test for pairwise comparisons and Cochran­
Armitage linear trend test . 

No clinical signs due to treatment . Dose-related DEPRESSION OF 
BJOYWEIGHT GAIN, commencing at week 10 in males and week 20 in 
females. 

INCREASED MORTALITY in treated groups, compared to controls, seen 
early in study £nd was pronounced throughout, e.g. 1/50, 15/50, 
18/50 in control, low and high dose male groups, at 52 weeks, and 
14/50, 32/50, 40/50 at 104 week$. 

ACUTE BRONCHOPNEUMONIA found in increased incidence in dosed 
groups,2/50, 6/50 , 14/50, control, low and high dose males; 1/50, 
10/50, 25/49 in females. 

Continued ....... . 
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RS: 

RM: 

RM: 

RM: 

RE: 

RE: 

- K1 (cont 'd) 

Because of early mortality in dosed groups the tumou: incidences 
had to be adjusted i n statistical analyses to allow for this. 
Also, comparisons made with historicPl controls. The following 
tissues were considered to show increased tumour incidences due to 
treatment: 
SUBCUTANEOUS TISSUE, increase FIBROMA plus FIBROSARCO~ in males 
at 30 and 60 mg/kg, and in females at 120 mg/kg. 
MAMMARY GLAND TUMOURS in females at 60 and 120 mg/kg. 
PANCREATIC ACINAR CELL ADENOMA in males at 30 and 60 mg/kg and 
ISLET CELL TUMOURS at 60mg/kg. ISLET CELL ADENOMA in females at 
60 and 120 mg/kg. 
LIVER NEOPLASTIC NODULES in females at 60 and 120 mg/kg. 

About 50% of tumours were found in rats at termination, remainder 
in animals dying between weeks 77 and 108 . 

It was noted that 2,4-toluenediamine, the hydrolysis product of 
2,4-TDI, gave rise t~ induction of similar tumours in rats in 
gavage studies . 

The TDI study has been criticized for exceeding maximum tolerated 
dose, irregularities with gavage technique, compound storage and 
analysis, and for using a route of exposure inapprvpriate for 
assessing occupational risk in humans (Ader et al 1987, see RE}. 

National Toxicology Program. NTP technica l report on the 
toxicology !>nd carcinogenesis studies of commercial gt·ade ~ , 4 
(80%}- ar.d 2,6 (20%}-toluene diisocyanate (CAS No.26471-62-5) in 
F344/N rsts and B6C3F1 mice (gavage studies). Research Triangle 
Park, North Carolina, US Dept. Health & Human Services, Public 
Health Service, National Institutes of Health NTP TR251, NIH 
Publication No.B6-2507, August 1986. 
Also published as: 
Dieter , M. P. , Boorman, G.A., Jameson, C.W., Matthews , H. B. and 
Huff , J.E. The carcinogenic activity of commercial grade TDI in 
rats and mice in relation to the metabolism of the 2,4- and 2,6-
TDI isomers . Toxico1 .Ind . Health, 1990 ~. 599- 621. 

Ader, A.W., Carney , I.F. and Loeser, E. Risk evaluat i on of 
chronic exposure to TDI hased on long-term animal studies. 
Proc . SPI/FSK Polyurethanes World Congress 1987, 188-192. 
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5.7 

- K2 -

Carcinogenicity 

Species: Mouse 
B6C3Fl 
Male /female 
Gavage 

Strain: 
Sex: 
Route of Rdministr~tion : 

Exposure period : 105 wee1.::-

Frequency of treatment: 5 days per week 
Dos~s: 0, 120 , 240 mg/kg , males; 

mg/kg, femal es (N .B . t hese 
values, see RM). 

0, 60 , 120 
are nominal 

Control group: Yes concurrent vehicle 
Other Method: 

Year : 1586 
GLP : No 
Test substance : Other 

Reference (RE). Remark (RM), Result (RS), Test substance (TS) 

TS: TDI , 80:20 isomer ratio, disJolved in corn oil. 

RM: Groups of 50 male, 50 female mice , dosed, by gavage, TDI in corn 
oil. The corn oil co:1tained 0.05% water. Regular analyses of TDI 
corn oil solutions throughout study showed estimated doses to be 
108 and 202 mg/kg for males and 49 and 108 171g/kg for f emales. 

RM: Mice were housed 5 males or 5 females per cage. Animals were 
observed twice a day. Bodyweights measured weekly for 1st 13 
weeks then monthly. All mice, except those found dead with 
advanced autolysis, given gross examination . Histopathological 
examination on 35+ tissues from each rat. 

RM: 

RS: 

RS: 

RS: 

Tumour incidence statis t ically analysed by methods of Peto et al 
(1980), FJsher exact test for pairwise comparisons and Cochran­
Armitage linea r trend test. 

No clinical signs due to treatment. Dose-related DEPRESSIO:!S IN 
BODYWEIGH'l.' G/.,IN in males , slight depression at top dose onl y in 
females. 

INCREASED MORTALITY in treated male groups, apparent early in t he 
study . At 52 veeks i r cidences were 0/50, 4/50 an~ 10/50 in 
control, low and high dose and 4/50 , 10/50, 21/5~ at 104 weeks. 
Females affected at top dose. 

Increased incidence of KIDNEY CYTOMEGALY in tubules near 
corticomedullary jun~tion in males, 0/50, 45/48, 41/50, control, 
low and high duse. 

Continued .... 
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RS: 

RM: 

RM : 

RE: 

RE: 

- K2 (contd) -

Following tissues cons i dered to shO\oT increased tumour incidence 
due to t~eatmentr CIRCULATORY SYSTEM, slight increase in 
HEMANGIOMA pJ~s HEMANGIOSARCOMA in females at 120 mg/kg. 

LIVER, increased incidence in HEPATOCELLULAR ADENOMA in females at 
120 mg/kg. 

It was noted that 2,4-toluenediamine, the hydrolysis product of 
2,4-TDI, gave induction of similar tumours in mice in gav~ge 
studie:.. 

The TDI study has been cd.ticized for exceeding maximum tolerated 
dose, irregularities with gavage technique, compound storage and 
analy~is and for using route of exposure inappropriate for 
assessing human occupational exposure (Ader et al 1987 see RE). 

National Toxicology Pr ogram. NTP technical report on the 
toxicology and carcinogenesis studies of commer~ial grade 2,4 
(80%)- and 2,6 (20%)-toluene diisocyanate (CAS No . 26471-62-5) in 
F344/H rats and B6C3Fl mice (gavage studies). Research T~iangle 
Park, North Carolina, US Dept. Health & Human Services, Public 
Health S~rvice, National Institutes of Health NTP TR251 , NIH 
Publication No.86-2507, August 1986. 
Also published as: 
Dieter, M.P., Buorman, G.A., Jameson, r. .w. , Matth~ws, H.B. and 
Huff, J.E. The carcinogenic activity of commercial grade TDI in 
rats and mice in relation to the Dletabolism of the 2,4 - and 2,6-
TDI iaomers. Toxicol . Ind.Health, 1990 ~. 599-621. 

Ade r , A.W. , Carney , I . F. and Loeser, E. Risk evaluation of 
chr onic exposure to TDI based on long-term animal studies. 
Pr oc . SPI/FSK Polyurethanes World Cor.gress 198 7 , 188-192. 

s:\D0cs\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.7 

- K3 -

Carcinogenic in 

Species: Rat 
Sprague-Dawley 
Male /female 
Inhalation 

Strain: 
Sex: 
Route of adminiotra tion: 
Exposure period: 113 weeks 
Frequency of treatment: 6 hours per day, 5 days per week 

0 , 0.05, 0 . 15 ppm Doses: 
Control group: Yes concurrent vehicle 
Method: Other . Similar to OECD Test Guideline 453 

1980 Year: 
GLP: Yes 
Test cubstance: As prescribed by 1.1-1.4 

Reference (RE) . Remark (RM) , Result (RS), Test substance (TS) 

RM: Groups of 126 male, 126 female ra ts exposed to TDI vapour. 

RM: 

RS: 

RS : 

Animals housed 6 males or 6 females per cage and exposed in 9m' 
chambers. Rat appr.ox . 8-9 weeks old at start of exposure. 
Atmospheres monitored at least 5 times each day by two meth0ds: 
Marcali test and test paper monitor. 

Rats observed t wice daily , before and after exposure. Bodyweight 
measured weekly for 1st 8 weeks, then monthly. Haema tology , blood 
and urine biochemistry on 7 males, 7 females, at 6 , 12, 18 lHOnths 
and termination. Haematology: Hb, RBC , PCV, WBC. 
Blood biochem • BUN, AlkP and GPT. 
Interim sacrifices on 7 males, 7 females at 6, 12 a~rt 18 months. 
Gross examination on all rats dying and at scheduled kills. 
Organ weights - bra in, liver, heart, gonads, kidn~y. 
Histopathology - on 35+ tissues from each r a t. 

No treatment related effect on mortality. Morta lity incidences a t 
termina tion 65%, 67%, 71% in males and 67% , 75% and 64% in females 
for control, low and high dose respec tlvely. 
~'o trea tment related changes for c linical signs . 

BODYWEIGf!': G:.J.N REDUCED for high tiose males and females over ls t 
12 weeks. Thi s persisted but did not worsen over the remaining 
period of the study (<10% below control value for males, approx, 
10-15% for females ). 

RS: No effect on haematology, blood or urine biochemistry or organ 
weights . 

Continued ... 
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RS: 

RM: 

RE: 

RE: 

- K3 ( c on t ' d ) -

Treatment rP.lated INCREASED INCIDENCE of RHINITIS in the anterior 
portion of the nasal cavity of rats e~posed to TDI. Minimal grade 
rhinitis was present in control males (41% cf animals) and females 
(24%). Incidence ~nd severity was not increased in Jow dose males 
but was increasec. in hlgh dose and in both exposed groups of 
females. Response considered to be due to local irritation. 
(Subject of separate report, see RE). 

No evidence for any treatment related increased in tlunour 
incidences. 

Owen, P.E. The toxicity and carcinogenicity to rats of TDI vapour 
administered by inhalation for a period of 113 w~eks. Hazletor. 
Laboratories Europe Ltd. Report No . 2507-484/l, October 1980. 
Also published as a scientific paper: 
Loeser, E. Long-term toxicity and carcinogenicity studies with 
2,4/2,6-TDI (80/20) in rats and mice. Toxicol.LetteJ:s, 1983, ll 
71-81. 

Gleister, J.R., Addendum Section No.1 Histopathology of the nasal 
cavity. Hazleton Laboratories Europe Ltd., Report No .2507-484/l 
March 1984. 
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5.7 

- K4 -

Carcinogenicity 

Species: Mouse 
CD-1 Strain: 

Sex: 
Route of administration: 

Male I female 
Inhalation 
104 weeks Exposure period: 

Frequency of treatm~n~: 6 hours per day, 5 days per week 
0, 0.05 , 0.15 ppm Doses: 

Control group: Yes concurrent vehicle 
Method: Other. Similar to OECD Test Guideline 453 

1986 Year: 
GLP: Yes 
Test substance: As prescribed by 1.1-1.4 

Reference (RE) . Remark (RM), Result (RS) , Test substance (TS) 

RM: 

RM: 

RS: 

RS: 

RS : 

Groups of 120 male, 120 female mice exposed to TDI vapour. 
Animals caged individually and exposed in 5.5~ chambers. Mice 
approx. 5-6 weeks old at start of exposure. Atmospheres monitored 
continuously by Test Paper monitorG and checked by Marcali method 
a t regular intervals. 

Mice observed twice daily, before and after exposure. Bodyweights 
measured weekly for 1st 8 weeks and then every 2 weeks. 
Haematology, blood and urine biochemistry on 10 males , 10 females 
at 26, 52, 78 weeks. Haematol ~ Hb, RBC, PCV, WBC. Blood biochem 
• GPT, AlkP, glucose, urea, proteins. 
Interim sacrifices. 10 males, 10 females at 26, 52 and 78 weeks . 
Gro~s examination on all rats dying and at scheduled kills. 
Organ weights - brain, liver, kidney, heart, lungs, testes 
Histopathology - 35+ tissues from each mouse. 

no effect on male mortality. Females showed INCREASED MORTAL:::TY 
at top level and at lower level as study progressed. Incidence at 
termination in cor.trol , low and high dose; 75, 66, 66 in males, 
60 , 73, 72 in females. Increased clinical signs of swollen 
abdomens and opaque watery eyes, probably treatment related, seen 
from week 65 onwards. 

BODYWEIGHT GAIN REDUCED in high dose males and females. 

No effect on haema tology , blood or urine biochemistry or organ 
weights. 

Cont.tnued . .. 
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RS: 

RS: 

RE: 

- K4 (contd) -

Dose-related increase in CHRONIC or NECR0TIC RHINITIS incidence 
and severity. Highest grade of severity was associated with 
morbidity and mortality in a proportion of mice. Lesions of 
variable incidence and severity also in lower respiratory tract of 
some mice with a higher incidence a t 0 . 15 ppm. These included 
INTERSTITIAL PNEUMONITIS, CATARRHAL BRONCHITIS and BRONCHIOLITIS . 

No evidence for any treatment rela t ed inc~eases in tumour 
incidence. 

OWen, P.E . The toxicity and carcinogenicity of TDI vapour when 
a~nistered to mice over a period of approxidmately 2 years . 
Hazleton Laborator ies Europe Ltd . Report No .2519-484 / 2, March, 
1986. 
Also published as a scientific paper: 
Loeser, E. Long-term toxic ity and carcinogeni~ ity studies with 
2,4/2,6-TDI (80 /20) in ~at s and mice. Toxicol. Letters, 1983, 15, 
71-81 . 
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5.8 

- L1 -

Toxicity to Reproduction 

Type: 
Species : 

Two generation Study 
Rat 

Strain: Sprague- Dawley 
Male/female 
Inhalation 

Sex: 
Route of administration : 
Exposure period : Days 0-19 of gestation (both g~nerations) 

6 hours per day , 7 days per week Frequency of treatment: 
Premating exposure period: 10 ~eeks at 6 hours per day, 5 days per 

week for F0 and 12 weeks for F1 , at same 
frequency. 

Dur~tion of the test: See RM for detail 
Doses: 0 , 0.02 , 0.08 , 0.30 ppm . 

Control group: 
28 males, 28 females per group 
\~s concurrent vehicle 

NOEL Parenta l: <0.02 ppm males 
0 . 08 ppm females 

NOEL F1 Offspring: 0.30 ppm 
NOEL F2 Offspring : 0.02 ppm 

Method: Other. Similar to OECD Test Guideline 416 
1989 Year: 

GLP: Yes 
Test substance: As prescribed by 1.1-1.4 

Reference (RE). Remark (RM), Result (RS), Test substance (TS) 

RM: 

RM: 

RM: 

RM: 

RM: 

Rats exposed to TDI vapour in 4320 litre chambers. Atmospheres 
monitored by paper tape devices based upon modified Marcali 
wethod . 

Methodology conformed to OECD Test Guideline 416. 

F0 parents exposed 6h/day, 5 days/week for. 10 weeks , and then, 
during mating , 6h/day , 7 days/week unt.U uay 19 of g.est.ation. 
Dams not exposed day 20-24; then exposed agaln 6h/Jay , 7 days/week 
to day 20 postnatal. At day 21 litters weaned . ~arunts for 
second generation selected and exposed 6h/(av , 5 days/week for 12 
weeks ptior to mating. Exposure duri ng mat : ng and subsequently, 
as above. 

Mating, 1 male to 1 femdle. 

Parentr o~s~rved twice daily and weighed weekly pre-mating. Mated 
females weighed on Jays 0, 7, 14 and 21 of gestation, and 
postnat.el days 1, 4, 7, 14 and 21. 

Continued ... 

s:\Docs\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RM: 

RM: 

RS: 

RS: 

- L1 (contd) -

Pups examined and sexed a t birth. Survival recorded at 0, 4, 7, 
14 days and at weaning. Pups sexed and wgighed at 1, 4, 7, 14 
days and at weaning. All pups examined !:or l'.bnormalities. 

All parents given gross examination and 10 males, 10 females at 
top exposure level and in controls examined histopathologically . 

F0 males showed increased NASAL DISCHARGE at 0.3 ppm in pre-mating 
exposure period. 
F1 females showed NASAL CRUSTATION at 0.3 ppm and ~les showed 
REDUCED BODYWEIGHT GAIN at this level, pre-mating. 

F0 melee and females showed treatment related increase in RHINITIS 
and ALTERATIOH OF RESPIRATORY EPITHFLIUM in NASAL TURBINATES at 
0.3 ppm. Increased RHINITIS also at 0.08 ppm. 
F1 males and females showed increased RHINITIS at 0.08 and 0.3 
ppm, with males affected also at 0.02 ppm. 

RS: F2 pup BODDYWEIGHT REDUCED, up to day 21, at 0.08 and 0.3 ppm. 

RS: 

RE: 

NO EFFECT ON REPRODUCTIVE INDICES at levels tested. 

Tyl RW and Neeper-Bradley TL. Two-generation reproduction study 
of inhaled TDI in CD (Sprague-Dawley)rats. Bushey Run Resea rch 
Centre, Project Report 51- 576, March 17, 1989 . 
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5.9 
- L2 -

Developmental Toxicity/Teratogenicity 

Species 
Strain 
Sex 

Rat 
Sprague-Dawley 
Female 
Inhalation Route of Administration 

Duration of the test 
Exposure Period 
Frequency of treatment 
Doses 

21 days (days 0-21 of gestation) 
Da ·s 6-15 of gestation 
6 ;nrs per day 
0, 0.02, 0.10, 0.50ppm. 25 females per 
group 

Control Group Yes concurrent vehicle 
0.1ppm NOEL Maternal toxicity 

NOEL teratogenicity 
Method 

0.5ppm 
Other-Similar to OECD Test GuidP.line 414 
1988 Year 

GLP Yes 
Test substance As prescribed by 1.1 - 1.4 

Free~e~t- Reference (RE) , Remark (RM), Result (RE), Test substance (TS) 

RM: 

RM : 

RS: 

RS. 

RS: 

RS: 

RS: 

RS: 

Ptegnant rats er.posP.d to TDI vapour in 4320 litre chambers. 
Atmospheres moni tord by Marcali method. 

Overall methods conform to OECD Test Guideline 414 , except 
maternal bodyweight measured more frequently at g~station days 0, 
6, 9, 12, 16 and 21. 

No mortality in dams, no abortions or early deliveries. 
Respiratory noise in O.Sppm animals. 

Maternal bodyweight gain significantly depressed over the exposure 
period at 0.5ppm. 

No effect on pregnancy rate, number of corpora lutea, number of 
viable implants, no live foetuses, or sex ratio. Foetal 
bodyweight not affected. 

No effect on incidence of external, visceral or skeletal 
malformations. 

Increased i ncidence of POORLY OSSIFIED CERVICAL CENTRUM 5, 
indicating minimal foetoxicity, at 0.5ppm. 

No effect level for maternal and developmental toxicity is 0.1ppm. 

RS : TDI NOT TERATOGENIC at levels tested. 

RE: Tyl RW. Developmental toxicity study of inhaled TDI •Taper in CD 
(Sprague-Dawley) rats. Bushy Run Research Center, Revised Project 
Report 50-592, Nov 8 , 1988. 
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- Ml -

5.10 Other Relevant information 

Type: Toxicokinetics 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM : 

RM: 

RS: 

RS: 

RM: 

RE: 

14C-TDI (84% 2,4- , 16% 2,6-). 

Male & female Sprague-Dawley rats, 150-200g bwt given single dones 
intramuscularly, 38m Ci/mM 14C-TDI. Doses - 17-32 ~g TDI per 
rat. 

Blood sampled at regular intervals after injection. Animals 
placed in glass metabolism cages for collection of 
urine/faeces/C02 • Rats killed and homogonised at termination. 
14c measured in all samples. 

Blood 14c. peaked at approx 24 hours. Elimination from blood 
followed two phase pattern. T~ fo r diffusion from muscle, approx 
30 min. 

Urinary excretion 53%, faecal 39%, expired air negligible, carcass 
4%, all after 360 hours. 

This was a preliminary study to an investigation of uptake, 
distribution and excretion via inhalation. 

Laboratoire d'Etudes du Metabolisme des Medicaments , A Study of 
the diffusion rate of TDI in rats contaminated via the r espiratoL·y 
system. Preliminary Study. Cen-Saclay , 1976. 
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- M2 -

5.10 Other Relevant information 

Type: Toxicokinetics 

ReferP.nce (RE), Remark (RM), Result (RS), TP.st substance (TS) 

TS: 

RM: 

RS: 

RS: 

RE: 

14C-TDI (84% 2,4-, 16% 2,6-) 

12 rats exposed to 14C-TDI by inhalation. 

Elimination of 14C from blood is in 2 pha ues, 90% of radioactivity 
ln plasma is associated with proteins . 
86% of dose eliminated in 5 days. 
8% in bile during 1st 52 hours. 
Faecal excretion > urinary excretion. 
14c distributed uniformly throughout body. 

Proportion of polar derivatives in urine, decreases with time; 
less polar increase. Mos t abundant derivative accounts for 25-
30% of 14C in urine. 

Laboratoire D'Etudes du Metabolisme des Medicaments, A Study of 
the diffusion rate of TDI in rats contaminated via the respiratory 
tract. CEN-SACLAY (undated abatract). 
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5.10 

- M3 -

Other Relevant informat i on 

Type: Toxicokinetics 

Reference (RE), Remark (RM) , Result (RS) , Test substance (TS) 

TS: 

RM: 

RS: 

RS: 

RE: 

14C-TDI, 80:20 isomer ratio, dissolved in corn oil. 

Fischer 344 male rats, 7-9 weeks old, given single oral dose TDI 
at 6 or 60 mg/kg by gavage. Animals placed individually in &lass 
metabolism chambers and urine faeces ~nd expired air collected for 
periods up to 96 hours. Blood and tissue samples also taken. 
Radioactivity measured in all samples. Urine, faeces, Gl contents 
and liver also analysed by HPLC. 

Activity appeared in blood within 30 min, peaked at 1-2h and then 
decreased s~ .owly. 1% of dcRe at low dose and 0.5: at high. 
Excre~ion of radioactivity from ucine, most rapid 0-6 hours, 
decreasing rapidly by 24h. 23% of dose excreted at low dose, 16% 
at high. 
76-81% excreted in faeces, mainly 6-48 hours. Negligible 'mount 
of activity in expired air. Low activity in tissues, with highest 
amounts in blood, liver, kidney. 

CompltiA. ;r,etabolic profile, no attempt at identification. 

Stoltz M, Czarnecki D, Litle L, Pallas F and E1-Hawari M. 
Metabolism and disposition of 14C-labelled TDI following 
ora l and inhalation exposure: prelimin~ry studies. Mid west 
Research Insti t ute, MRI Project No.8072-A, Kansas City , 
June 12 , 1987. 
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5.10 

- M4 -

Other Relevant information 

Type: Toxicokinetics 

Refersnce (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 14C- TDI, 80:20 isomer ratio. 

RM: 

RS: 

RS: 

RE: 

Fisher 344 male rats , 7-9 weeks old, exposed to TDI vapour, head 
only, at 0.6 or 2.0ppm for 4 hours. Animals placed in individual 
glass metabolism chambers and urine, faeces, e7pired air, blood 
and tissue samples taken at times up to 96h. RaGioactivity 
measured in all samples. Urine, faeces, GI content and l iver al so 
examined by HPLC. 

4% of radioactivity in blood immediately after low exposure, 
falling to 2% 24h later. 2% and 1% respectively for h~gher 
exposure. Urinary excretion most rapid over 0-6h, stil l 
continuing at 96h. Total excretions at this time were 24% for 
low, and 20% for high exposure . 
Faecal excretion about 53-54% in 96h. 
Tissue activity generally low but blood, live~. kidney nasal area 
and lungs contained highest levels. 

Complex metabolic profile, no attempt at identification. 

Stoltz M, Czarnecki D, Litle L, Pallas F., and El-Hawari M. 
Metabolism and disposition of 14C-labelled TDI following oral and 
inhalation exposure: preliminary studies. Midwest Research 
Institute, MRI Project No.8072-A, Kansas City, June 12, 1987. 
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5.10 

- M5 -

Other Relevant !~formation 

Type: Biochemical or Cellular interactions 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 14C-Z,6 TDI (CAS No.91-08-7) in DMSO 

RM: 

RS: 

RE: 

Aliquot of 4C-TDI solution added to rat stomac n contents 
homogenate or to rat serum and incubated at 37°C for up to 30 min. 
Reactions stopped at intervals by addition of piperidine, then 
centrifuged and analysed by HPLC. 
% 2,6-TDI remaining determined. 

Rapid rates of reaction - in stomach contents, on l y 4% TDI 
remained after 10 min and in serum only 10% remained after 
1 min. 

Jeffcoat A.R, Dispositi0n of 2,6-TDI in Fischer 344 rats. 
Research Triangle Institute Project Report No.7, North 
Carolina, July 1985 
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5.10 

- M6 • 

Other Relevant information 

Type: Toxicokinetics 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 14C-2, 6-TDI (CAS N". 91-08-7) in pure dry corn oil. 

RM: 

RS: 

RS: 

RM: 

RE: 

Fischer 344 male rats given single oral dose at 60 or 900 mg/kg, 7 
rats per group. Animals placed, indivldually, in glass metabolism 
chambers and urine, faeces and expired air collected over 72h. 
Then rats killed and blood and selected tissues taken. 
Radioactivity measured in all aamples. Urine also anlaysed by 
HPLC. 

At 900 mg/kg , rats had distended blood filled stomachs and empty 
intestines . White polymer material on stomach wall . 

14C-urinary excretion 5% at 900mg/kg , 12% at 60 mg/kg. Half at 
60mg/mg was 2,6-bis (aCl ~ylamino) toluene. 14C-faecal excretion 
20-50% at 900mg/kg, 55-65·% at 60mg/kg. 14C-tissue concentrations 
highest in blood, liver, kidney and stomach at 900mg / kg and in 
blood and kidney at 60mg/kg. 

Suggested that at lower doses 2,6-TDI hydrolysed in stomach then 
absorbed and acetylated prior to urinary excretion. 

Jeffcoat A.R. Disposition of 2 , 6-TDI in Fischer 344 rats. 
Research Triangle Institu te Project Report No.7, North Carolina 
July 1985. 
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'I 

- M7 -

5.10 Other Relevant information 

Type: Metabvlism 

Refer~nce (RE), Remark (RM), Reb ; t (RS), Test subRtance (TS) 

TS: 14C-2,4-TDI (CAS ho.584-84-9) dissolved in pure dry corn oil 

RM: 

RM : 

RS: 

RM: 

RE: 

Two groups of male Fischer 344 rats dosed 60mg/kg TDI orally by 
gavnge. One group (3 ra ' s) housed iu glass metabolism cages and 
urine, faeces, expired air collected over 48h. Other group (4 
rats) kllled 2h after dosing and tissues collected. All samples 
measured for radioactivity. 

Metabolic profiling and ~dentification by HPLC, urine and faeces , 
urine also extracted, derivatised and anulysed by GC/MS 

; · Df 14C-dose in urine, faeces, tis sues and carcass 48h after 
dosing. 81% in faeces, 8% in urine 4% tissue s (highes~ in GIT). 
Urinary excretion h• lf-life- 7 . 5h. Expired air 14C, l.o::gligible. 

651 of quantitated urinary metabolites were acid-labile 
conjugates. Free TDA and ito mono - and diacetyl derivatives 
present in urine. 

Ur ine and faecal HPLC profiles same as those from inhala tion 
expoeure. 

Timchalk C, Smith F.A. and Bar tels M.J, Metabolic fate of 14C-2 ,4-
TDI in lishcer 344 rats. The Dow Chemical Co. , Midland. Study ID 
K-022862-003 January 9, 1992. 
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- MB -

5 . 10 Other Relevant information 

Type: Metabolism 

Reference (RE), Remark (R!:), Result (RS), Test substance (TS) 

TS: 

RM: 

RM: 

RS: 

RS: 

RM: 

RE: 

l4C-2,4-TDI (CAS No.584-84-9). 

Two groups of male Fischer 344 r~te were exposed, head only, for 
4h to 2ppm 14C-TDI vapour. Following exposure, one group (4 rats) 
was placed in glass metabolism cages, while the other group (4 
rats ) were killed . Urine, faeces, blood and tissues collected up 
to 48h. All samples measured for radioactivity. 

Metabolic profiling and identification by HPLC, urine and faeces . 
Urinn also extracted, derivatised and analysed by GC/MS. 

Over 48h, 15% 14C in urine, 47% in faeces, 34% in tissues and 
carcass. Highest tissue activity in lungs. Uriuary excretion 
half-life • 20h. 

90% of quantified urinary metabolites were acid-labile conjugates. 
Free TDA not detected in urine. Its mono- and diacetyl 
derivatives were present. 

Urine and f aeca l HPLC profiles same as those from oral dosing. 

•rimchalk c, Smith F .A. and Bartels M.J. Metabolic fate of 14C-
2 ,4-TDI in Fisher 344 rats. The Dow Chemical Co. , Midland. Study 
ID K-022862-003 ~anuary 9, 1992. 
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- H9 -

Other Rel~vant information 

Type: Toxlcokinetics 

Reference (RE), Remark (RHi , Result (RS), test substance (TS) 

TS: 14C-2,4-TDI (CAS No.584-84-9) . 

RH: Male ~ischer 344 rats, 4 pe r group, g~ven 14C-TDI at 601ag/kg by 
gavage in pure dry corn oil, or exposed to 2ppm as vapeur, head 
only, for 4 hours. Rats ~ill.ed 2h after oral dose or immediately 
post-inhalBtion exposure. 200~1 blood sa.mples t aken for 
radioactivity measurement. Plasma separated and submitted to 
molecular sieve fractionation and radioactive assay. Plasma 
retentate subjec ted to gel electrophoresis. 

RS: 

RE: 

14c in bloodstream was a t comparable levels after either gavage or 
inhalation adminis tration . In each case , majority of 
radioactivity in plasma was in a conjugated form. The predomin~nt 
conjugate after inhalation had relative molecula r wt of 70k Da. 
Less found after oral dose and correspondingly more low mol. wt . 
products present . TDA may be a predominant product in the low 
mol.wt .pr oducts. 

Kennedy A.L , Timchalk C. and Brown W.E . Analysis of the 
differential reactivity of isocyanates: Effect of exposure 
method . Poste r presented a t the conference on Measuring , 
Understanding and Predicting Exposures in the 21At Century, 
November 18-21, 1991 , Atlanta, Georgia . 
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- MlO -

Other Relevant information 

Type: Toxicokinetics 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 14C-2,4-TDI (CAS No . 584-84-9) 

RM: 7 groups of male Hartley guinea pigs, ~00-400g b.wt, exposed to 
14C-TDI vapour at concentrations 0.0005-0 . 146ppm for periods of 1-
5 hours. Animals exposed individually in whole body 
plethysmogrRphs, 4 per group. 

RM: 

RS: 

RE: 

' Carotid a rteries cannulated prior to exposure ar.d blood samples 
taken a t frequent intervals during exposure. Blood, bile, urine 
and tissue samples taken at intervals after exposure . 
Radioac tivity measured in all sample s. 

Uptake of radioactivity in blood shown to be linear for all 
exposure concentrations and periods. 

Blood activity continue~ to increase for about 2h post-exposure, 
followed by a slow decline, but 14C-levels persisted after 2 
weeks . Highest activity i:l urine and bile immediately post 
exposure, fo llowed by significant decline by 72h pos t-exposure. 
Tissues showing highest levels of activity were tra chea and lungs. 
Small amount s in kidney, liver, hear t. Tissue activity persisted 
up to 2 weeks. 

Kenn~dy A.L, Stock M.F, Alarle Y. and Brown W'.E. Uptake and 
distribution of 14C during and following exposure to redioactive 
TDI. Toxicol.Appld.Pharma col , 1989, 100 , 280-292. 
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5.10 Othe~ Relevant Information 

Type: Toxicokinetics 

Reference (RE}, Remark (RM}, R~sul t (RS}, Test substance (TS} 

TS: 

RM: 

RM: 

RM: 

RS: 

RS: 

RM: 

RE: 

RE: 

14C-2 ,4-TDI (CAS No.584-84-9} 

Groups of male Fischer 344 rats (150-ZOOg} exposed head only to 
14C-TDI at atmospheric concentrations of 0.026, 0.143 or 0.82 ppm, 
4 rats/group, for 4 hours . 

Immediately after exposure, blood collected and trachea, lung, 
oesophagus, stomach, kidneys, adrenal glands, heart, spleen and 
liver taken for 14C measurement. 

Blood separated into plasma/cells for 14C measurement. Plasma 
submitted to molecular sieve fractionation; retentate sub jected 
to gel electrophoresis. 

Highest levels readioactivity associated with airway tissues at 
all ~xposure concentra tions. % 14C in blood ranged from 10-13% 
at 0.026 ppm, 6.5-7.6% at 0 . 143 ppm, 4.7-6.8% at 0.82 ppm. 
Uptake was linear at all exposure concentrations. 

Majority of 14C in blood was in plasma. Most (95- 98%) was 
associated with conjugated products > lOk Da. Gel 
electrophoresis showed this was mostly associated with 70k Da 
protein. 

Above results co~pared with those for guinea pig (Kenn~dy et al 
1989 }. Uptake and distribution is similar in both specj~s at 
similar exposure concentrations. Highest specific activity was 
in respiratory tract , with rat showing higher level of labelling. 

Kennedy A.L, Wilson T.R., Stock H.F., Alarie Y. and Brown W.E., 
Interspecies comparison of uptake and distribution of 
radioactivity following inhalation exposure to 14C- labelled TDI. 
Draft paper for publication 1993. 

Kennedy A.L., Stock M.F .• Alarie Y. & Brown W.E. Uptake and 
distribution of 14C during and following exposure to radioactive 
TDI. Toxicol Appld Pharmacal , 1989, 280-292. 
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5.10 Other Relevant inf.ormation 

Type: Toxicokinetics 

Reference (RE), Remark (RM), Result (RS), Test subs tance (TS) 

TS: 

RM: 

RS: 

RS: 

RE: 

TDI (unspecified) 

Two gdnea pigs exposed to lppm TDI, by inhalatio·:l, for 3h/day for 
5 days; then , together with unexposed animals, d.aA.lenged with 
0 . 1/ ppm 14C-TDI. 

Serum contained radioactivity associated with 77k Da protein in 
TDI animals. 

Histopathological examination of respiratory tissue showed 
epithelial cell loss due to TDI exposure. Autoradiography showed 
that the 1 ~C label penetrated along the respiratory tree as far as 
terminal bronchioles. 

Kennedy A.L, Singh G. and Brown W.E. A histologic analysis of the 
reRpiratory tract following inhalation of radioactively labelled 
TDI. FASEB Abstract April 1987. 
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5.10 Other Relevant information 

Type: Toxicokinetics 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RS: 

RE: 

TDI (unspecified) 

Guinea pigs exposed to 1j)pm TDI, by inhalation, 3h/day for 5 days. 
These and control animAl9 challenged with 0.1ppm 14C-TDI for 3h , 
25 days after initial exposure. 

Serum taken 21 days after initial exposure contained antibodies to 
TDI. 14C appeared in bloodstream of TDI sensitised animals 5 times 
f~ster than controls. 14C was found ~inly in plasma. 

Hill B.L, Y~rol M.H. and Brown W.E. The fate of inha~ed 14C-TDI 
in s~nsltised guinea pigs. Toxicologist, 1986, i. 15. 

SI\Docs\LlTCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- Nl -

5.10 Other Re levant information 

Type: Immunotoxicity 

Reference (RE), Remark (RH), Result (RS), Teat substance (TS) 

TS: 

RM: 

RS: 

RS : 

RS: 

RM: 

RE: 

TDI, 80 : 20 isomer ratio. 

Female guinea pigs, 4 per group, exposed to TDI vapour at 0 . 25ppm, 
3 hours per day for 5 days , (4 groups). Respiratory rate measured 
during study , blood serum. obtained prior to exposure and at time 
intervals after exposures . evaluated for TDI - specific 
ant ibodies. 

Respiratory rate decreased by 50% in 1st hour 1st exposure , then 
to 30% in 2nd hour. It fell again to 20-30% after subsequent 
exposures . 

TDI - specific antibodies found in 6/16 animals, one with IgE 
activity. 

Animals re-exposed to 0.02ppm TDI for 30 ~n and respiratory rate 
measured again. Only s~ll decrease during exposure, recovery 
within 2 hours. 

Pulm~nary hypersensitivity net demonstrated. 

Karol HH, Dixon C, Brady M and Alarie Y. Immunologic 
sensitization and pulmonary hypersensitivity by repeated 
inhalation of aormatic isocysnatee. Toxicol.Appld.Pharmacol , 
1980, 11· 260-270. 
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5.10 Other Relevant information 

Type: Immunotoxicity 

Reference (RE), Remark (RH), Result (RS), Test substa~ce (TS~ 

TS: TDI, 80: 20 isomer ratio. 

RM: 

RS: 

RM: 

RE : 

3 groups of 4 female guinea pigs sensi tised by topical appl ication 
of TDI, neat or in olive oil , t o shaved dorsal areas. Groups 
received t) 50 ~1 25% TDI, ii) 50~1 TDI or iii) 2 x 50 ~1 TDI. 
Two weeks later a~imals challenged by exposure to 0.005ppm TDI 
vapour and r espiratory rate measured . 

i) 1/4 animal responded wj •. h 49% increase in respiratory rate. 
ii ) None responded. 
iii) 2/4 animals responded with 44% and 61% increase in 

respiratory r ate . 

Study indicates that skin contact to TDI can result in pulmonary 
hypersen'Jitivity 

Ka rol M.H, Hauth B. A, Riley E.J snd Magreni C.M. De rmal con tact 
with TDI produces respira tory tract hypersensitivity in guinea 
pigs. •roxicol.Appl. Pharmacal , 1981 1_!!, 221-230. 
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5.10 Other Relevant information 

Type: Immunotoxicity 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RM : 

RS: 

RS: 

RE: 

TDI, 80 20 isomer ratio 

Groups of female guinea pigs exposed by inhalation head only, to 
TDI vapour at concentrations 0.12-10 ppm, 3h per day for 5 days. 
Evaluated at day 22 for TDI-specific antibodies, skin and 
pulmonary reactivity. 

Another group of animals exposed to 0.02 ppm TDI, via whole body 
exposure, 6 hours per day, 5 days/week for a total of 70 
exposures, together with a concurrent control group. TOr­
antibodies etc, measured as above. 

Respiratory rate decreased in exposure concentration dependent 
maru.er over range 0.12-0.93 ppm. At day 22, no antibodies 
detected in serum at 0.12 ppm, low titre in 5/12 animals at 0.36 
ppm and increased titres with increasing concentrations up to 0 . 93 
ppm where all animals affected. 
Bronchial provocation with antigen conjugatbe showed pul~onary 
sensitivity 0 .36-0.93 ppm but not at higher concentrations of 
TDI. 
Dermal sensitivity, as evaluated by id injection of antj.gen 
solution, was shown by ery~hema in groups exposed to 0.12-7.6 ppm 
TDI. 

Exposure to 0.02 ppm TDI over 4 months did not producP. an antibody 
response, dermal or pulmonary sensitisation to TDI. 

Karol M.H. Concentration-dependent immunologic response to TDI 
following inhalation exposure. Toxicol.Appld.Pharmacol, 1983 f.!t , 
229-241. 

s:\Docs\LITCH2P.wp5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5.10 

- N4 -

Other Relevant informatio~ 

Type: Immunotoxicity 

Reference (RE), Remark (RH), Result (RS), Test substance (TS) 

TS: TDI (80:20 isomer ratio) 

RH: 

RS: 

RH: 

RS: 

RS: 

RH: 

Fh.de guinea pigs, 10 per group, exposed to 0 ,1, 3 or 4 ppm TDI 
vapour for 3h/day for 5 days. 

Two weeks later, serum from each animal analysed for IsG1 and IgE 
anti-TDl antibodies. 

On days 22-30, animals were challenged by exposure to atmospheres 
of protein conjugates and their respiratory rate measured. 

Two weeks after the last ex?osure, IgG1 antibodies detected in all 
animals. IgE antibodies in most at 1 & 3 ppm, but only 2/10 at 4 
ppm. 

Animals with previous TDI exposure showed signific~nt response 
(increased respiratory rate) when challenged wi ·h 'Karol' TDI-GPSA 
conjugate but not with 'ICI' conjugate. The response pattern for 
the 'Karol' con j ugate was 7/9 of those previously exposed to 1 ppm 
TDI, 9/10 to 3 ppoc TDI and 2/7 to 4 ppm. 

Results sh w 
pulmonar) t 

chemical p 

~ tection of antibodies and elicitation of 
bitivity response is dependent upon physico­

a s of hapten-protein conjugate. 

RE: Botham, P.A, He~t . P. M, Rattray, N. J , Walsh S.T. and Woodcock D.R. 
Sensitisation of g•.lines pigs by inhalation exposure to low 
molecular weight chemicals. Toxicol. Letters il· 159-173. 
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Other Relevant information 

Type: Immunotoxicity 

Reference (RE), Remark (RH), Result (RS), Test substance (TS) 

TS: 

RH: 

RS: 

RE: 

TDI (unspecified) 

Guinea pigs exposed to TDI atmospheres at concentrations of 0.01-5 
ppm for 3x6 hours. Respiratory pattern e·.raluated by 
plethysmography . 3 weeks later these, and unexposed animals, 
exposed to approx. 0.02 ppm TOI and respiratory rate measured. 

Respiratory rate unchanged at 0.02-0.05 ppm but decreased to 50% 
at 0.18 ppm and 40% at 0.5 ppm. For snimals previously exposed to 
2-5 ppm TDI, significant reductions (40%) in respiratory rate 
occurred when re-exposed a t 0.02 ppm TDI. Animals showed skin 
sensitisation to TDI when patch tested. Guinea pigs pre-exposed 
to 0.5 ppm TDI and lower did not show greater sensitivity when re­
exposed to 0.02 ppm. 

Stevens M.A. and Palmer R. The effect of TDI on certain 
laboratory animals. Proc . Roy.Soc.Med. 1970, ~. 380-381 . 
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5.10 Other Relevant information 

Type: Immunotoxicity 

Refe 4ence (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RS: 

RE : 

TDI (unspecified) 

Mature monkeys, macaca mulatta, exposed to TDI atmospheres ~t 
concentrations of 0.13-0.7 ppm for 1-3, 6 hour exposures. 
Breathing pattern recorded by telemetric strain gauge . Some were 
re-exposed to approx. 0.02ppm for 6 hours . Other monkeys were 
chronica lly exposed for periods up to 23x6h exposures at 0.02 ppm. 

Animals show acute sensitivity to TDI expor.ure with lacrimation at 
0.4 and 0.7 ppm and a death at 0.4ppm . No effect when re-exposed 
at 0. 02 ppm TDI. 
Chronically exposed monkeys at 0.02 ppm showed no effect on 
respiratory pattern. 

Stevens M.A. and Palmer R. The effect of TDI on certain 
laboratory animals. Proc.Roy . Soc.Med., 1970, ~. 380-381. 
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5.10 Other Relevant information 

Type: Biochemical or Cellular interactions 

Reference (R.E), Kemark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RS: 

RE: 

TDI (mixed isomers). 

Acetylcholinesterase (AChE) inhibition assay by incubati n of ·ror 
with human erythrocytes and measuring change in enzyme ac tivi~y by 
colorimetric Ellman method. Reversibility of inhibition and 
spontaneous recovery of AChE activity a lbv investigated. 

TDI concentrations producing 50% AChE inhibition wt!re 25J,LM in 
erythrocytes and 40).LM in whole blood. nnly slight reversibility 
of inhibition was shown on washing erythrocytes 3 times . 
Spontan~ous recovery of AChE activity wa s 28% in 24h . Overall, 
TDI shown to be potent AChE inhibitor , with maximal effe ct within 
2 min, not quickly r eversible . 

Dewair M, Baur X. anu Fruhmann G. Inhibition of 
acetylcholines terase from human erythrocytes by isocyanates. 
J Occup .Med . , 1983, £1, 279-282. 
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5.10 Other Relevant information 

Type: Biochemical or Cellular interactions 

Reference (RE), Remark (RM), Result (RS), Test substance (TS) 

TS: 

RM: 

RS: 

RE: 

TDI, 80 20 isomer ratio. 

Acetylcholinesterase (AChE) 
with human erythrocytes end 
colorimetric Ellman method. 
activity estimated. 

inhi.bition assay by incubation of TDI 
measuring change in enzyme activity by 

Spontaneous t·eactivation of AChE 

Dose dependent inhibition of AChE activity obtained with TDI. 
Spontaneous enzyme reactivation was shown to be 90% at infinite 
time as predicted by a cc.nputer program. 

Dewair M, Baur X. and Mauetu~yer R. Inhibition of 
acetylcholinesterase by di isocyanates nnd its spontaneous 
reactivation. Int.Arch.Occup . Environ.Health, 1983, 52, 257-261. 
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5.10 Other Relevant informati~n 

Type: Bi0chemical or Cellular interactions 

Reference (RE), Remark (RM), Result (RS), Test substence (TS) 

TS: 

RM: 

RS: 

RE: 

2,4-TDI and 2,6-TDI 

Action of the 2 isomers was compared in a series of experiments 
with Cholinesterase (ChE) from different sources. 
a) Titration of purified human serum and eel ChE with the two 

isomers. 
b) Exposure of horse serum ChE to lppm atmospheres of the two 

isomers. 
c) Titration of human plasma with the isomers. 

a) 2,6-TD1 much more potent inhibitor of human serum ChE, than 
2 , 4-TDI, and more potent for eel ChE. 

b) foth isomers had sLnilar inhibitory effec t on horse serum 
ChE by inhalation at lppm 

c) Only small effect on human plasma ChE with increasing dose 
of either isomer. This may reflect competing reactions with 
other plasma proteins. 

Br0\<."11 W.E, Green A.H, Karol M.H . and Alarie Y.C.E. Inhibition of 
cholinesterase activity by isocyauates. Toxicol.Appl.Pharmacol. , 
198::. • .§1., 45- 52. 
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5.10 Other Relevant information 

Type: Biochemical or Cellular interactions 

Reference (RE) , Remark (RM), Result (RS), Test substance (TS) 

TS: 

RH: 

RS: 

RE: 

TDI , 80:20 isomer ratio. 

Groups of male Sprague-Dawley rats (8 pe r group) were exposed to 
TDI vapour in a series of studies -
i) 4 hour exposures at concentrations 0.7- 4.3ppm 
ii) Two 4 hour exposures on consecutive days at 0./ - 4.3ppm. 
iii) Exposure at 1.2ppm for 4 hours per day for 2, 4 , 9 or 111 

<.lays . 
After the last exposure in each of these studies blood and 
bronchial tree taken, the latter homogenised, and 
a~etylcholinesterase (AChE) assayed in t he samples. 

iv) Groups of 5 rats exposed 4 hours per day tv 0.3 or 1ppm TDI, 
5 days per week for 3 weeks. 
After last exposure, lungs excised and submitted to 
histochemical assay for AChE activity . 

Study res~lts, numbe r as above , -
i) No inhibition of bronchial AChE activity 
ii) Some inhibition of bronchial AChE activity (19-33%) but not 

related to exposure concentration. 
iii) Some inhibition of bronchial AChE activity (15- 38%) but not 

related to length of exposure. 
No affect o~ blood AChE activity in the 3 studiee above. 

iv) 0.3ppm did not affec t bronchial smooth muscle AChE activity , 
1ppm caused a 36% decrease in activity. 

Brondeau M. T, Ban M, Simon P, Bonnet P. and de Ceaurriz J. 
Decrease in the rat bronchial acetylcholinesterase activity after 
TD'l inhalation . J.Appld.Toxicol, 1990, 10, 423-427. 
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5.10 Other Relevant inf.ormati.on 

Type: Biochemical or Cellular interactions 

Reference (RE), Remark (RH), Result (RS) , Test substance (TS) 

TS: 

RH: 

RH: 

RM: 

RE: 

2,4-TDI (CAS No.584-84-9), 97.8% . 

10 male guinea pigs exposed to TDI vapour at 29ppb for 5 hours per 
day for 20 days. 10 control animals air exposed. Animals killed 
20h after last exposure and 2 tracheal strips prepared from each 
animal. Tracheal smooth muscle relaxation and contractior. 
responses to isoproterenol and carbachol respectively were 
evaluated. 

No difference between control and test groups for isoproterenol­
induced relaxation. Tracheal 3trips from TDI animals were more 
responsive than controls to contraction induced by carbachol. 
(Mean log ED50 of 6.44 compared to 6.23 for control strips). 

Authors concluded that TDI has a direct effect on airway smooth 
muscle. 

McKay R.T. and Brook S.M. Hyperreactive ait~ay smooth muscle 
responsiveness after inhalation of TDI vapours. 
Am.Rev.Resp.i.r.Dis. 1984, 12i, 296-300. 
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5.10 Qther Re l evan t i nformat i on 

Type: Chemobiokinetics genera l studies 

Reference (RE), Remark (RM) , Result (RS), Test substance (TS) 

TS : 

'lM: 

RS: 

RE: 

TDI (unspecified) 

Guinea pigs givan TDI or TDI/glycols sol vent solution by 
intractrach~al injection a t 0.3ml/animal. Othe~ groups of guinea 
pigs exposed to high concentration of TDI/glycols solution as 
aerosol (l.Zmg TDI/l .i.tre) or vapour (0.35-0.55mg TDI/litre). 
Exposures of 10-20 min at irregular intervals up to '• weeks. 

IT administration resulted in coagulation of proteins in 
respiratory tract and death fran respiratory distress. Inhalation 
caused asthmatic reactions after initial ~xposures, leading to 
dyspnea. Bronchiolitis, pneumonia and emphysema occurred with 
minimal healing. Guinea ~igs sensitised to chicken albumin 
responded s.imilarly t0 controls, indicating predominance of a 
primary toxic effect . 

Ftiebel H. and Luchtrath B. Zur wirkung von TDI (Desmodur T) auf 
die atemwege. Arch.exper . Path. u Pharmakol, 1955, lZL. 93-110. 
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